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PREFACE. 



The accompanying work on the Geology of Ten- 
nessee has been prepared in response to a demand 
from teachers in every part of the State. Owing to 
the pressure of \ other duties its publication has been 
unintentionally delayed because the authors were un- 
willing to send forth a work erroneous in statement,, 
or unsatisfactory in detail. The principal aim has 
been to supply a text-book on the general Geology 
of the State, the distinctive features of which should 
be: 1st, its scientific accuracy; and, 2d, its immediate 
practical utility at a time when the industrial develop- 
ment of our section of the continent is engaging the 
earnest attention of political economists, and that the 
students of our public and private institutions of learn- 
ing may go forth armed and equipped with such 
knowledge as the demands of the age render im- 
perative. 

The work is written in as simple style and with 
the introduction of as few technical words as practi- 
cable. The illustrations are numerous and the maps^ 
which will be of great assistance to the student, have^ 
been prepared with much care. 



IV PREFACE. 

In the work will be found descriptions of th 
topographical features of the State, its formations^ fos- 
sils^ rocks^ minerals and ores; and leading the student 
beyond the mere details of geography it will induct 
him into the wide domain of geological science. 

The study of the crust of the earth, which is the 
object of Geology, is at the same time one of the 
most interesting and one of the most important that 
can engage the attention of rational creatures. The 
soils which produce our food, the coal which warms 
our homes, the ores from which the machinery and 
utensils of civilized life are made, the stones and 
clays from which our buildings are constructed, the 
gems and precious metals that are used for ornament, 
or as the basis of our currency — all these are matters 
properly treated of in a work on Geology. The 
habits of observation and investigation which the study 
of Geology engenders, and above all the great army 
of eager inquirers into the hidden resources of the 
State which would yearly go out, are sufficient reasons 
why Geology should take its place among the studies 
of our schools. 

The authors hope that the work may prove accept- 
able to teachers, and that it may be the means of 
awakening an interest in a science which lies at the 
very foundation of all material progress. 

Questions upon the text will be found at the end 
of the book. 

July 13, 1876. 
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A Geological Survey of the State. The UsEa ' 

AND Plan op the Survey. 

1. The Survey, its Objects. — We invite the young 
people of Tennessee, and all others who desire to com 
mence such studies, to join us in a geological survey 
of the beautiful State in which we live. The object 
of the survey is to learn something about the high 
land and mountain-ranges, the great valleys and plains 
of the State, but more especially, to inform ourselves 
as to its rocks, minerals, ores, and soils. The first 
of these, the highland and mountain ranges, the valleys 
and plains, are external features which make up the 
surface or face of the country; the others lie chiefly 
below the surface and constitute the earth and rock- 
foundations beneath our feet. All combine to adorn and 
enrich the State, and not to know something about them 
<3an hardly be excused in any who claim or soon ex- 
pect to be good citizens. 

2. Uses. — The survey will be a pleasing work if 
•entered upon with spirit, and the information acquired 

(1) 
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will be usefull*4ii many ways. Such knowledge will 
enable us to 'think and talk about Tennessee as well 
informed ./jiteiisons only can; it will enable us to tell 
what it i8*tihat makes the State beautiful, healthful and 
attractive, and wherein consists its native wealth: it 
wiHVpJat it in our power to aid in the development of 
th)^/ wealthy much of which lies useless^ or hidden, in 
\6Xrr hills and mountains; it will help us to appreciate 
./••!' tte kinds, distribution and value of our soils; it will, 
• in brief, make us more intelligent, better miners, bet- 
ter farmers, and, last, though not least, better men, for 
it will, like all true knowledge, refine our minds and 
lead our thoughts from nature up to God, the Creator. 

3. The Plan. — In any undertaking it is well to have a plan 
before us in accordance with which to proceed or work. It is quite 
essential in this instance. Below, the course of the survey, or in other 
words, the plan of this book is given, and students will do well to pay 
especial attention to it. If the plan is understood, the relation of the 
different parts of the work will be seen, the chapters and larger divis- 
ions will explain each other, and the unity of the whole will l)e made 
apparent. 

4. I. The State in Oeneral. — At the beginning of 
our inquiry, we ought to take a cursory view of the 
State regarded as a whole. We must know its bound- 
aries, shape, and area. We must pass over its sur- 
face, noting the portions which rise in mountains and 
highlands, and those which sink in basins and valleys, 
or, in other words, we must see how its surface is natu- 
rally divided. Nor will it be amiss to inquire into the 
elevation of the State above the sea, its river-system, 
climate, and other features. These are general charac- 
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teristics, and a knowledge of them places the field 
fairly before us. « 

d. II. The Suifaoe- divisions. — After this general 
view, we can study the special features of the surface- 
divisions, the extent and form, the height or depth, 
as the case may be, the river-system or drainage, whether 
presenting rich or poor lands, and whether populous or 
not. This will be, in the main, preliminary to what 
is to follow, but the information thus gained will be 
full of interest, and highly desirable in itself. 

6. III. The Eock-beds, or Strata. — Our third step 
will be to investigate the rocks which, though some- 
times outcropping, or showing themselves, in glades, 
ledges, and cliffs, lie mainly beneath the surface. To 
prepare ourselves for this, we must first become fa- 
miliar with the different kinds of minerals or mineral 
substances which enter into the composition of rocks, 
and then with the various kinds of rocks themselves, 
all of which might be done in a rooniy with hand 
specimens of proper minerals or rocks on a table be- 
fore us. This accomplished, we will be ready to study 
in the open air the rock-beds or strata which make 
up the hills and mountains, and underlie the valleys. 
We shall see that they lie in a horizontal position, or 
are inclined, that they are thick or thin, of limestone, 
sandstone, shale, slate, or other rock, that they some- 
times contain the remains of animals, as shells and 
corals, often in great profusion, as well as the remains 
of plants. 

7. IV. The Geological Formations. — The next stage 
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of our survey will be to make out the great forma- 
tions of the State. 

And first, what do we mean by formation f How does it differ from 
a rock-bed, or stralvm f The word Btratum is a Latin word, and means 
that which ts spread onti; the plural is ^roJUi, A stratum is a bed of the 
same kind of rock, as a stratum of limestone, or a stratum of sandstone. 
It includes all of any one kind that lie together. It may be a few or 
many feet thick, and may consist of many layers, provided they are all 
of the same rock-material. A formation is often a series, or a pile, of 
many strata. It may include beds of limestone, sandstone, and of other 
rocks. It is a aeries^ the strata of which have been formed or deposited 
successively in what geologists call one age, or one period^ of time. The 
Carboniferous formation is an example. This embraces many beds of 
sandstone, limestone, shale, and coal, alternating more or less with each 
other. The series makes a formation because the strata were deposited 
during the age when the coal beds were formed — an age of long dura- 
tion — when the lands in many regions were covered with a forest growth 
remarkable for its luxuriance, and for the strange forms of its shrubs and 
trees. 

The making out of the formations found in Ten- 
nessee, will be in some respects the most important 
part of our work. They constitute, a* we shall see, 
the foundation of geological science. We have to de- 
termine as nearly as we can the thickness of each, 
the kind of strata making it up, the areas within 
which it outcrops, or comes to the surface, the fossil 
remains imbedded in it, the ores, minerals, useful 
rocks and soils it contains or may yield. 

8. Y. Economic Geology — The Minerals, Ores, Ilsefiil 
Bocks and Soils. — With the formations determined and 
disposed of, as mentioned in the last section, our survey 
will be well advanced. It remains to go over and 
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glean the field, bringing together in a body, for fur- 
ther notice and easy reference, all that may have eco- 
nomic or practical value. In this class we include 
coal, iron-ores and other ores and minerals, marble, 
cement-limestone, and useful rocks generally, and lastly, 
soils. In connection with these, important ore-bank.^ 
and mines may be described. 



'iW 



PART I. 

THE STATE IN GENEEAL, OE GONSIDEEED AS A 

WHOLE. 



CHAPTER I. 

The Form, Area, Boundaries, and River-systenn. 

1, Before taking up the surface-divisions of the State, its different 
formations, minerals, ores, and soils, and considering them one by one, 
it is best, as already stated, to study the State as a whole, and learn its 
form, size, position among the other states, and the features generally 
which properly belong to it as one area. This, we repeat, will place the 
field to be surveyed fairly before us. * 

2. Form, Length and Width, Area and Boundaries, 
and River-system. — When seen upon the map, the State 
of Tennessee has nearly the form of a long rhomboid. 

^^g- ^- (F'g- !•) While its average width 

/ / is only 109 miles, its length is as 

A i^homboid. much as 385, which makes the State 
three and a half times as long as wide. A straight 
railroad track connecting its two sharp diagonal corners, 
the one near Memphis, and the other to the north- 
east on the Virginia line, would be nearly 500 miles 
long. The entire area of the State is about 42,000 
square miles. 

3. On page 9 is a surface^ or topographical map of 
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the State^ It shows the form and boundaries ol Ten- 
nessee, and gives the names of all the states which 
touch it excepting Missouri and Arkansas. Eight 
states touch our borders. With the exception of 
Missouri, no other state in the Union is touched by 
so many. 

4. East and West Boundaries, the Westerly Inclina- 
tion and Drainage. — Tennessee lies lengthwise, directly 
east and west, between the crest of one the highest 
ranges of the Appalachian Mountains and the Missis- 
sippi River. Its eastern boundary, or, as we may 
say, its North Carolina boundary, has an average eleva- 
tion of 5,000 feet above the sea, while the lowlands 
bordering the Mississippi rise to the height of only 
about 300. This indicates a great tilting or inclina- 
tion of the surface to the west. The inclination ex- 
ists, but in a far less degree than the diflFerence in 
the elevation of the two boundaries would denote. The 
eastern mountains form a very massive and raised bor- 
der, but they do not reach very far into the State. 
At their foot lies the great Valley of East Tennes- 
see (see map), the average elevation of which is not 
much above that of the middle portion of the State. 
This elevation may be placed at 1,000 feet above the 
sea. From this valley the general surface of the State, 
excluding the Oumberland Table-land, which, as we shall 
understand hereafter, is a great barrier in the way of 
the rivers, descends very gradually to the west. The 
average direction of drainage, or the average direction 
in which the waters flow, conforms to this. It may 
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be observed, and the map shows it well, that the rivers 
flow, to a remarkable degree, in two directions, one 
to the south-west, and the other the north-west. The 
tendency, or mean direction of the two, however, is 
westerly. 

6. River System. — The State is rich in water courses. 
Hundreds of streams water the land, supply motive 
power, and enliven the valleys. The Mississippi, the 
Tennessee, and the Cumberland, with their principal 
tributaries, are the rivers of the State. The Tennes- 
see and the Cumberland pour their contents first into 
the Ohio, and then into the Mississippi, so that all the 
water which drains off from the surface of Tennessee 
(with the exception of that from a small spot near a 
corner of the State, next to the Georgia line, and 
hardly worth the mention,) finds its way through the 
Mississippi to the Gulf. The three rivers named are 
navigable, and are means of transportation, much to 
the advantage of the Staters material interests. The 
Tennessee river is peculiarly our own. Its principal 
head-waters are in Virginia and North Carolina. Start- 
ing in Virginia, its waters cross Tennessee twice, re- 
ceiving many tributaries, and draining two-thirds of 
the State. The Cumberland has no great volume of 
water, but is remarkable for being navigable, canal- 
like, for 600 miles, 304 of which are in Tennessee, and 
the remainder in Kentucky. 

It will be well for the student to trace out these rivers on the mafv 
observing where they are, how they run, and what position they have witL 
•reference to the mountains and each other. 
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CHAPTER II. 

Special Features of the Eastern Portion of the State, and the 

Great Appalachian Belt. 

6. Special Features of the Eastern Portion. — In its 
surface configuration Tennessee may be divided into 
two portions, an eastern and a western, the former 
containing mountains, and the latter without mountains. 
Referring to the map on page 9, the eastern portion 
embraces the mountains bordering the North Carolina 
line^ the Valley of East Tennessee, and the Cumber- 
land Table-land, while the western is the remainder 
of the State. Now, with the map before him, the 
student cannot fail to see that the mountains, valleys, 
and most of the larger streams of the eastern por- 
tion, run in a north-easterly and south-westerly course, 
and diagonally across the State. (See also map on 
page 116). This is a striking characteristic of the 
eastern portion. On a large map, giving the minor 
ridges, streams, and valleys, it would be brought out 
in still stronger light — all, or nearly all, would run 
in parallel courses to the north-east and south-west. 
Why is this? We are not ready for a full explana- 
tion now, but as a first step it is sufficient, to say 
that this part of Tennessee is a section of a long 
strip of mountainous country, lying in the United 
States and Canada, called the Appalachian Belt, A 
short description of this belt becomes necessary. 
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7. The Appalachian Belt of Mountaiiis and Valleys — 
Extent. — Upon examining any good map of the United 
States and Canada^ embracing the country between the 
Gulf of Mexico and the Gulf of St. Lawrence, we 
shall see a long, comparatively narrow area, reaching 
in a south-westerly direction through Vermont to Mid- 
dle Alabama, and traversing all the intermediate States, 
which is remarkable for its long, straight, and parallel 
mountains and valleys. This is the Appalachian belt. 
It is a very prominent feature on the map. The 
length of the belt is 1,200 miles; its width, from 50 
to 100. The long area looks very much as if some 
monster giant had run a plough from Canada to Ala- 
bama, throwing up the earth and rocks in a band of 
mountain ridges, with deep and often wide furrows 
between. 

8. Monntains and Valleys of the Belt. — Many of 
the mountains and valleys of the belt have special 
names, and are well known. The Alleghany Range 
of Pennsylvania and Virginia becoming the Cumberland 
in Tennessee, an^ the Sand mountain in Alabama, the 
Blue Ridge of Pennsylvania, Virginia, and North Caro- 
lina, the Unaka or Srrioky Range, the Holston, the 
Clinchj and Lookout of Tennessee, are a few among 
the many mountains and ridges that might be named. 
The valleys, long and straight, lying between parallel 
ridges, and overlooked by them, but open to the north- 
east and south-west, are often rich, populous, and 
beautiful — paradises in which industry, intelligence, and 
worth find perfect contentment. Such are many val 
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ley« ill Eastern Pennsylvania, Middle Virginia, and 
East Tennessee. 

9. "Up and Down" and "Across" the Belt— Within 

the Appalachian Belt " up and down the country" is through the valleys 
to the north-east and south-west, and this is the general direction of 
water-flow and of travel. "Across the country" is at right angles to this^ 
and he who travels across, faces ridge after ridge in quick succession, as a 
Rwimniing bird does the waves. 

10. Great Valleys and Minor Valleys.-^The single valleys 

are often separated from each other by a mountain range, but, in some 
sections of the belt, they are separated only by low, or comparatively low 
ridges. In the latter case, when many of them, with their ridges, lie to- 
gether between high and distant ranges, they constitute a great vaUeyy the 
single valleys themselves being called mtno)* valleys^ and their separating 
ridges minor ridges. Viewed from the highest points, a country fluted 
with minor ridges and valleys appears to be almost a plain. 

11. The Valley of East Tennessee an Example. — The 
great Valley of East Tennessee shown on the map 
(p. 9) is an exani[)le. This lies between the eastern 
border mountains and the Cumberland Table-land, and 
has an average width of 45 mijes. Looked upon 
from the high summits of the North Carolina line, 
its area appears much like a low plain, but in trav- 
eling across it, the seeming plain becomes a succession 
of minor ridges and valleys, and, indeed, of no in- 
significant size. 

12. Thus we see that the long area which is 
called the Appalachian Belt, is singular for the extra- 
ordinary parallelism of its valleys and ridges, and for 
the uniformity with which they run in a north-east- 
erly and south-westerly direction. The fact that the 



NATURAL AND CIVIL DIVISIONS. 13 

eastern part of the State is a section of this belt, 
throws light upon what we see there as to the direc- 
tion and 'Character of its mountains and valleys. The 
peculiar features are Appalachian^ but for a thorough 
understanding of them, we must refer the student to 
what will be said of the geological structure of the 
:great belt, and of East Tennessee. 



CHAPTER III. 
The Natural and Civil Divisions. 

13 The Natural Divisions. — Could we sail; at a high 
elevation, over the State from the North Carolina line 
to the Mississippi river, we would see that its surface 
is divided into eight very distinct geographical or nat- 
ural divisions. The map on page 9 is intended to 
show these divisions, and it is necessary for the stu- 
dent, with the map before him, to study them out 
and learn their names, their shapes, comparative sizes, 
And whether they are high or low areas. This will 
be preparatory to a more detailed study of them in 
the next Part. Beginning on the eastern border the 
natural divisions are as follows : 

L The Unaka Bastoe— *Hlgh moantains with inclosed valleyv 
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Not named on the map ; it is the mountainous belt next to the North 
Carolina line. 

U. The Valley of East Tennessee— A fluted region; a succefr- 
sion of parallel minor valleys and ridges — one of the most beautiful^ 
populous, and fertile portions ot the State. 

III. The Cumberland Table-land, The region of coal, a high 
plateau or table, capped with sandstone. 

IV. The Highland Rim, or Rim-lands, or Terrace Lands, 
that encircle a basin of rich lowlands in the centre of the State. 

V. The Central Basin, encircled by these rim-lands, the centre of 
wealth and political influence, and rich in all the elements of a high civ- 
ilization. 

VI. The Western Valley of the Tennessee river — Narrow, 
irregular, generally productive, often swampy, sparsely settled, and in a 
state of comparative wildness. Not named on the map, but indicated. 
One of the small divisions of the State. 

VII. The Plateau or Plateau-slope op West Tennessee — 
Hilly on the eastern side, then flat or gently rolling to the Mississippi 
Bottoms; streams sluggish; forests heavy; soils fertile, capable of sub- 
sisting a great population. 

VIII. The Mississippi Bottoms — Much of the area dark, with a 
dense vegetation; spotted with lakes and marshes; thinly populated; 
soils of great fertility. Not named on the map. It is a narrow strip 
bordering the Mississippi river. 

14. Of these divisions the Highland Rim is the 
largest, the Valley of East Tennessee being nearly of 
equal size. The Plateau-slope of West Tennessee 
cornes next, then the Central Basin and the Cumber- 
land Table-land, the two last having about the same 
area. Succeeding these we have the smaller divisions, 
which, in the order of size, are the Unaka S.ange, 
the Western Valley of the Tennessee River, and the 
Mississippi Bottoms. 
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The approximate areas of the different divisions^ in 
their natural order^ are as follows: 

Unaka Range * 2000 square miles. 

Valley of East Tennessee 9200 " " 

Cumberland Table-land 5100 " « 

Highland Rim 9300 " " 

Central Basin 5450 " " 

Western Valley of the Tennessee River 1200 " ** 

Plateau-slope of West Tennessee 8850 " " 

Mississippi Bottoms 900 " " 

Id. It will be seen that the natural divisions lie 
lengthwise across the State, and to a great extent di- 
agonally across. As to the three most easterly divis- 
ions, the student^s attention has been called to them on 
page 10. It has been shown that these divisions are 
included in the Appalachian Belt in which the moun- 
tains and valleys run in a north-easterly and south- 
westerly course. The others have a decided tendency 
to run in the same direction. 

16. Civil or Political Divisions. — Three dvil or po- 
litical divisions have been constructed out of the eight 
natural divisions, as follows: 

I. East Tennessee. — Comprising all the territory from the North 
Carolina boundary to about a line passing through the centre of the 
Cumberland Table-land, embracing the first and second natural divisionBy 
and about half of the third. 

II. Middle Tennessee. — Extending from the dividing line on the 
Cumberland Table-land to the Tennessee river, and comprising the whole 
of the fourth and fifth natural divisions, and about half of the third and 
sixth. 

III. West Tennessee. — Extending from the Tennessee river to tha 
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MiBUBsippi, and inclading the whole of the seventh and eighth nataral 
•divisions, and half of the sixth. 

These three civil divisions are sah-divided into 94 counties, of whieih 
East Tennessee has 34, viz : 



Anderson, 


Greene, 


Knox, 


Bhea, 


Bledsoe, 


Hamblen, 


Loudon, 


Boane, 


Blount, 


Hamilton, 


McMinn, 


Scott, 


Bradley, 


Hancock, 


Marion, 


Sevier, 


Oamphell, 


Hawkins, 


Meigs, 


Sequatchee, 


Carter, 


James, 


Monroe, 


Sullivan, 


Claiborne, 


Jefferson, 


Morgan, 


Unicoi, 


Cocke, 


Johnson, 


Polk, 


Union, 


Grainger, 






Washington, 


Middle Tennessee has 40, viz : 






Bedford, 


Franklin, 


Macon, 


Butherford, 


Cannon, 


Giles, 


Marshall, 


Stewart, 


Clay, 


Grundy, 


Maury, 


Sumner, 


Cheatham, 


Humphreys, 


Montgomery, 


Trousdale, 


CoflTee, 


Hickman, 


Moore, 


Van Buren, 


Cumberland, 


Houston, 


Overton, 


Warren, 


Davidson, 


Jackson, 


Putnam, 


Wayne, 


Dickson, 


Lawrence, 


Perry, 


White, 


DeKalb, 


Lewis, 


Smith, 


Williamson, 


Fentress, 


Lincoln, 


Robertson, 


Wilson. 


West Tennessee has 20, viz : 






Benton, 


Fayette, 


Hardeman, 


McNairy, 


Decatur, 


Gibson, 


• 

Henry, 


Obion, 


Dyer, 


Henderson, 


Lake, 


Shelby, 


Carroll, 


Hardin, 


Lauderdale, 


Tipton, 


Crockett, 


Haywood, 


Madison, 


Weakley. 



.vj 
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CHAPTER IV. 



Climate. 



IT Crmatd Defined — Its Effects. — By climate is 
tv\v*«iLit \he oocdi^ion of a place in relation to its tem- 
poiatu'^fc, moistui^, aud winds, all more or less con- 
nected with the atmosphere^ The character of climate 
is closely related to I'ititudt; height, mountains and 
their direction, proximity of large surfaces of water, 
and by the nature and color of the soil. 

Climate has a most important sfTect upon the in- 
dustry of a country. If too hot, men are enervated 
and will not work; if too cold, they cannot work; 
if too moist, diseases are generated and tho habits of 
industry destroyed; if too dry, the labors of th^ hus- 
bandman are not rewarded by a bounteous yield of 
the products of the earth. The best climate is ihat 
in which the amount of sunshine and rain, of cold 
and heat, is just sufficient to produce what man needs 
for his sustenance, comfort, and health, and where ths 
body is kept in vigor by a proper degree of cold^ 
without being debilitated by too much heat. 

In treating of the climate of the State we sha^l 
consider, Ist, the temperature; 2d, the amount of rain 
fall; and 3d, the prevailing winds. 

18. Temperature. — '■ The mean annual temperature* 

thet is, the average degree of heat which prevails 
2 
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along a line running east and west through the centre 
of the State^ is, for the 

Unaka Bange 42° 

Valley of East Tennessee 57** 

Cumberland Table-land 64° 

Highland Rim 57° 

Central Basin 58° 

Plateau of West Tennessee 59° 

Mississippi Bottoms 60° 

The figures may be modified slightly by future 
observations. It will be observed that the difference 
amounts to 18°. This is due mainly to elevation. 
The mean annual temperature of the Unaka Range 
corresponds with that of the southern parts of Can- 
ada, while that of the Mississippi Bottoms is identical 
with the temperature of Middle Georgia, In going 
from the southern boundary of the State to the north- 
em, on the same level, there is a variation of about 
two degrees. 

19. The Annual Temperature Compared with that of 

other Countries. — The mean annual temperature of Tennessee is that 
of some of the most delightful regions of the globe. lU isotherms (that 
is lines joining places having the same mean annual temperature) extend 
through North Carolina, Spain, the southern parts of France, Italy, Greece, 
Smyrna ; cross the Caspian Sea near its southern extremity ; passing ou 
through the tea-growing districts of China and the Japan Islands, and 
re-enter the United States near San Francisco. It will thus be seen that 
the lines of equal heat do not correspond with the lines of latitude. Nof 
do they indicate an equality in climate, for though the mean annual tem- 
perature is the same, the variation in heat is not so great in the European 
states mentioned as in Tennessee. The suniuiers of Tennessee are hotter, 
and the winters colder. For this i-eason the orange, the olive, and the 
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lemon do not matare in oar climate. But for growing those plants that 
require a high degree of heat, such as Indian com, tobacco, cotton, and 
melons, Tennessee far surpasses the countries of the same isotherms in 
•Europe. 

20. Summer Temperature, and Extremes of Temfera- 
ture. — The average or mean summer heat of the sev- 
eral divisions of the State differ more widely than 
the winter means. The winter means are very much 
the same, being about 38°. The mean summer heat 
'of the Unaka Range is about 62°, making these airy 
heights a delightful abode during the warm weather. 
For the Valley of East Tennessee it is 73°, which is 
about the same as the summer temperature of Phila- 
delphia. The summer of the Table-land is about 70°, 
though on the edges overlooking the valleys east and 
west, it is two or three degrees cooler. Of the High- 
lands the mean summer heat is 74°; of the Central 
Basin, 76°. West Tennessee has summer means about 
one degree higher than the Central Basin. The tem- 
perature, as shown by observations for twenty-one years, 
has only once been as high as 99°. This was in 
July, 1860, and the observations were made in Mont- 
gomery county. The greatest degree of cold was ob- 
served at the same place in January, 1857 and 1864, 
and reached 8° below zero, making the greatest vari- 
ation in heat for the period covered by these observa- 
tions 107°. Our coolest weather occurs geneally in 
January; the warmest in July. 

21. Winter Temperature — Ice. — The winters are usu- 
ally cold enough in the northern half of the State 
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to secure ice. A median line^ drawn east and west 
through the State^ is the southern limit of domestic 
ice houses. South of this the ice season is too un- 
certain to justify the expense of constructing them. 
Ice sometimes, but very rarely, attains a thickness of 
ten inches on the northern borders of the State. Its 
usual maximum thickness is from two to three inches. 

22. Frost. — One of the most important elements in 
climate is the period between killing frosts, because 
this measures the length of the growing season. Ob- 
servations made by Prof. Wm. M. Stewart, of Mont- 
gomery county, extending through a period of twenty- 
three years, show the average number of days for 
each year free from frost to be 173, and from killing 
frosts 189. The longest period in any one year was 
228 days; the shortest, 162 days. The first of these 
periods occurred in 1852; the last in 1872. These 
may be regarded as the limits of the longest and 
shortest periods in the northern portion of the State. 

23. The most destructive frosts are in April and 
October. From the third week in April to the mid- 
dle of October, the probabilities are against the oc- 
currence of killing frosts. In the southern part of 
the State the period between killing frosts is twelve 
or fourteen days longer. This difference has an im- 
portant effect upon the agriculture of the State, mak- 
ing cotton, except in the mountainous division, the 
staple in the southern counties, and tobacco and wheat 
the chief products in the northern counties. 

24. Rain. — The average annual fall of rain upon 
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the surface of the globe is about 60 inches. In the 
Torrid Zone it is 96^ in the Temperate Zone 36^ and 
In the Frigid Zone 12 inches. The rainfall of Ten- 
nessee (including melted snow) is greater than the 
average for the Temperate Zone^ being about 46 inches 
annually. This is just sufficient to insure a vigorous 
growth of vegetation, without interfering with the 
proper cultivation of the earth. It makes neither a 
wet nor an arid climate. 

26. In the table below is given the rainfall in the 
northern part of the State for each of the years from 
1852 to 1875 inclusive: 

Years. Inches. Years. Inches. Years. Inches. 



1852 


49 


1860 


40 


1868 


45 


1853 


37 


1861 


48 


1869 


39 


1854 


43 


1862 


50 


1870 


49 


1855 


44 


1863 


54 


1871 


48 


1856 


......39 


1864 


41 


1872 


34 


1857 


43 


1865 


60 


1873 


53 


1858 


54 


1866 


45 


1874 


49 


1859 


49 


1867 


49 


1875 


56 



26. The greatest quantity of rain usually falls in 
the month of April, then follow in succession Decem- 
ber, March, February, May. The dryest month is 
October, the next September. The greatest annual 
rainfall shown in the table above, occurred in 1865, 
and amounted to 60 inches, the average annual rain- 
fall of the globe; the least rainfall occurred in 1872, 
which was not quite 34 inches, corresponding with the 
average of the Temperate Zone. 

27. Snow. — The average annual fall of snow within 
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the period embraced by the table, is Reven inches. 
The heaviest snowfall was ten inches in depth. This- 
depth of snow occurred twice, once in January, 1852, 
and again the same month in 1859. The year 1867 
is noted for having the largest aggregate snowfall, which 
amounted to 27.75 inches. Some few snows have oc- 
curred in the State of a greater depth than ten inches, 
though they were at long intervals. One occurred in 
1840 thirteen inches deep, but it did not extend over 
the State. 

28. Winds. — Two systems of winds effect the cli- 
mate of Tennessee, a lower and an upper. The lower 
consists of currents flowing to the north and north- 
east. These come charged with warmth and moisture^ 
from the Gulf of Mexico, and give to the State a 
genial and fruitful climate. The direction of the moun- 
tain ranges is such as to facilitate the passage of these 
life-giving breezes over the State. 

The upper system embraces winds from the north 
and north-west, which flow above the first system,, 
making with this a general circulation. The com- 
mingling of these two systems, brought about by 
changes of temperature and rains, gives rise to westerly 
and north-westerly winds. The easterly and south- 
easterly winds result from other influences apart from 
the general laws that govern the movements of the 
other winds, and may be called abnormal. The winda 
from the south, west, and south-west are the most fre- 
quent and the most desirable. 

29. The fact has been established that the average^ 
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velocity of the wind in tlie region which embraces 
Tennessee, is less than in other portions of the United 
States. This takes Tennessee out of the path of fre- 
quent storms, giving it a delightful climate, highly 
favorable to the development of vegetable and animal 
life. 

30. Variety of Xatnral Features. — In concluding 
this Part it may be stated that Tennessee is remark- 
able for the great variety it presents in natural features. 
We have seen this in the number and the varied 
character of the natural divisions of its surface, and 
in its diversity of climate. It will also be made ap- 
parent in its geological formations, rocks, minerals, and 
soils. Nearly all the important natural features of 
the states around it are represented within its borders — . 
brought together as if by way of contrast. Thus it 
has, on the one hand, some of the greatest mountains 
of the Appalachians, with their bald summits and an- 
cient rocks; and, on the other, the lowlands, cypress 
swamps, and alluvial beds of the Mississippi; it has, 
well represented, tlie singular valleys and ridges of 
V^irglnia, the tobacco lands, the "barrens,^' and the 
blue grass lands of Kentucky; the orange-colored sand 
hills, the cretaceous beds and cotton soils of Missis- 
sippi. And thus we might go on around and specify 
characteristics of Alabama, Georgia, and North Caro- 
lina, which have their counterparts within our borders. 
But enough has been said to call attention to the fact 
that variety in natural features is a marked peculiarity 
of Tennessee. 



PART II. 

THE EIGHT NATURAL OR SURFACE DIVISIONS OF 

THE STATE. 



31, The names and some of the characteristics of the natural di- 
visions have been given on pages 13-16. In this Part they are separately 
and more fully described, so far as their surface features are concerned. 
Their formations, minerals, ores, and soils will be treated of hereafter. 

As the three most easterly divisions belong to the Appalachian Belt 
(p. 11), and have its characteristics, they may be thrown together in one 
chapter, the remaining five making another chapter. 



CHAPTER V. 



The Eastern or Appalachian Divisions, Comprising the 

Unaka Range, The Valley of East Tennessee, 

and the Cumberland Table-iand. 



I. — The Unaka Range. 

32. Its Position, Mass, Elevation, Width, and Area. — 
This is a chain of mountains extending along the en- 
tire length of the eastern border of the State, a dis- 
tance of 200 miles. It is the greatest of all the 
Appalachian ranges, and one portion, lying about mid- 
way between Virginia and Georgia, presents the great- 

(24) 
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est mountain mass to be found anywhere east of the 
Mississippi river. The average elevation of the Range 
is 5^000 feet, but many o£ its peaks reach a height 
of more than 6,000 feet above the sea. For days 
the peaks are concealed in the clouds. 

As Already stated, its high crest is the line separ- 
ating Tennessee from North Carolina, the range being 
divided between . the two States. The portion within 
Tennessee (and to this we confine our attention) occu- 
pies a strip which, in width, will average thirteen 
miles, but varies from two to twenty, and has an area, . 
as given on page 15, of 2,000 square miles. The 
area thus occupied is indicated on the map (p. 9) by 
the fine lines representing mountains, and lies between 
North Carolina and the Valley of East Tennessee. 

33. The Eange — A Belt of Parallel Ridges. The 
Main Axis. — The Unaka Range is not a single ridge, 
but is, in Tennessee, a belt of parallel ridges which 
vary at difierent points, counted across the range, from 
two to four in number. The easterly one, on whose 
crest is the North Carolina line, is the main axis, 
the others are lower and subordinate. The main axis 

I (by axis is meant the main ridge, to which the others 
are subordinate) has many names applied to it at dif- 
ferent points along its course, Iron 3Iountain, Roan, * 
Big Bald, Great Smoky, and Frog, being some of them. 

34. The Chilhowee Subordinate Range. — The most 
westerly, or north-westerly, mountains of the range 
lie detached from the spurs of the main axis, and 
just within the Valley of East Tennessee. They ar^ 
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iBolated mountains^ but are arranged lengthwise^ as- 
may be seen on the map, along a curving line. These 
mountains are the first approached from the Valley^ 
and are for that reason quite conspicuous, though 
much lower than the towering, cloud-capped crests be- 
hind them. This line of subordinate mountftins may 
be called the Chilhoioee Range, Among its mountains 
are the Holston^ Buffalo, Meadow Oi'eek^ Englishes, Chil- 
hotoee, and Starts mountains. 

35. Included Valleys and Coves. — Interlocked with 
the great ridges and spurs of the Unaka Kange, or 
entirely surrounded by them, are many beautiful val- 
leys and coves. The cultivated part of one county, 
Johnson, in the north-eastern corner of the State^ is 
a mountain-hemmed covjb, with no way of getting in 
01 out except by scaling mountains, or passing through 
certain narrow, dark, and rocky gaps made by the 
streams. Other interesting coves are Weaves in Se- 
vier county, and Tttckaleechee and Cade's coves in 
Blount. But these included valleys and coves, many 
more of which might be mentioned, are properly parts 
or outliers of the great Valley next to be described. 

36. Cut Transversely by Elvers. — Notwithstanding the 
massive character of the Unaka Range, it is cut into 

• many ])ortions bv the rivers which flow out of North- 
Carolina. This is a remarkable fact. The rivers 
take their rise on the western slope of the Blue 
Ridge (an Appalachian ridge lying to the east in 
North Carolina, and not so high or so massive as the 
Unaka), flow in a north-westerly direction, and inter-^ 
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sect the Unaka Range in deep, grand cuts, often with 
cliffs on both sides rising hundreds of feet in height, 
the waters dashing over the rocks in long and roar- 
ing rapids. A few years ago these cuts were im- 
passable for travellers, but now several of them sup- 
ply good roads, and through four of them railroad lines 
have been surveyed. There are seven rivers thus 
cutting the range — all tributaries of the Tennessee. 

37. The "Balds.'* — Generally the Unaka ridges are 
-clothed with forests. The high summits, however, are 
often destitute of trees, owing to the cold of this 
elevation. Such places are called the Balds. They 
are treeless domes, capping the great mountains, yet 
they are covered with grasses, ferns, and small shrubs, 
«ome of which belong to a far more northern climate 
than is found in the valleys below. In the summer 
season the balds are favorite resorts for pleasure-seek- 
ers, and those who would escape the heat of the val- 
leyis. The cool air and the grasses attract herdsmen 
with their cattle, and in July and August the more 
desirable of the summits are often alive with stock 
of all kinds. 

38. Views. — The views from the balds are magnifi- 
cent. To the east in North Carolina is a vast sea 
of mountain billows; to the west in Tennessee, far 
below us, at the foot of the Unakas, lies the Valley 
of East Tennessee, its surface spread out like a check- 
ered carpet, its inequalities, excepting a few prominent 
ridges to the north, being almost lost — the surface 
sinking down to a plain, dotted over with cultivated 
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spots. In the extreme distance the Cumberland Table^ 
land is seen rising up dimly beyond the great Valley 
and bounding the view. 

The climate of the Unaka Range has been already 
noticed (pp. 18-19). Hereafter we shall see that the 
oldest rock-formations, and many of our minerals and 
ores, are found in this range. 

II. — The Valley of East Tennessee, or the Great 

Valley. 

39. Boundaries and Extent — Descending from the 
mountains, we enter the Valley of East Tennessee^ a 
most beautiful and desirable portion of the State, em- 
bracing nearly all the wealth and population of the 
civil division we call East Tennessee. Its position and 
outlines are well shown upon the map. It lies be- 
tween the Unaka Range on the south-west and the 
Cumberland Table-land on the north-west, the average 
distance between these divisions being about 45 miles. 
Though thus bounded by mountain walls on both sides, 
it is open to the north-east into Virginia, and to the 
south-west into Georgia. The city of Knoxville is 
near its centre, and Chattanooga at its south-western 
corner. Its area, including its outlying valleys and 
coves, is about 9,200 square miles, which is more than 
one-fifth of the area of the State. 

40. Elevation Above the Sea. — The average eleva- 
tion of the Valley has been placed at 1,000 feet 
above the sea. Its elevation on the Virginia line 
will average about 1,400 feet, at Knoxville about 900, 
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and on the Georgia line 800. Thus it will be seen 
that the greatest fall occurs before reaching Knoxville. 
Below this point it is mugh less. In the northern 
part of the Valley the rivers run rapidly, have more 
shoals, and are less suited for navigation than they 
are below Knoxville. Though not so well suited for 
navigation, a compensation is found in their fitness for 
water power. 

41. A Succession of Minor Valleys and Eidges. — The 
Valley of East Tennessee has been so often referred 
to that the attentive student must be already familiar 
with its leading characteristics. Seen from the moun- 
tains, as we have stated (p. 12), its surface is almost 
a plain, but in crossing it we find it to be a suc- 
cession of minor valleys and ridges, which run to the 
north-east and south-west, and, like furrows, in par- 
allel lines. In this it conforms to the characteristic 
features of the Appalachian Belt, of which it is a 
part. It is well called a fluted area. 

42. The Eidges of the Valley. — The ridges are very 
numerous, and differ in size, height, breadth, sharp- 
ness of outline, and in character of vegetation; while, 
at the same time, each one is remarkable for its . di- 
rect course and uniformity in size and appearance 
from one end to the other, a distance often of a hun- 
dred miles or more. The ridges differ from each other, 
as will be seen, on account of differences in their 
geological character. They may be grouped into the 
following three classes: 

48. (!•) Mountain Ridges. — There are but few of these. 
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One, White Oak Mountain^ a prominent ridge, starts up in the southern end 
of the Valley, is intersected by the railroad at a point nearly half way 
between Chattanooga and Cleveland, and extends into Greorgia, where it 
is called Taylor'a Ridge. All the others are in the northern part of the 
Valley, and most of them are prominent Virginia ridges, which, after 
crossing the line and penetrating the State for different distances, come 
very abruptly to an end. 

Of these, CHnch Mountairij lying about half way between the Unakas 
and the Cumberland Table-land, is the most important. It is a bold, 
fitraiglit, sharp-crested sandstone ridge, sometimes rising a thousand feet 
above the Valley. It traverses the state for nearly 60 miles, its bluff end 
being almost in sight of Knoxville. 

44, Between Clinch Mountain and the Table-land are NewmanU 
Ridge a-nd PoweWs Mountain^ a pair of Virginia ridges not extending so 

far into Tennessee. They lie closely together, the deep and cold valley 

between them being very narrow. To the east of Clinch and between 

Rogersville and Jonesboro is a bed of crowded and parallel sandstone 

ridges, called Baifs Mountain. This bed lies wholly within Tennessee. 

45, (2.) Broad Ridges with Rounded or Nearly Level 
Tops. — These are numerous, and often of great length. Cultivated 
fields are found upon them, but their surfaces are generally covered with 
flinty gravel. The rock in them below the surface is limestone and dolo- 
mite. (Dolomite is a kind of limestone, containing, in addition to the 
lime, a similar earth called magnesia. It is sometimes known as magne- 
sian limestone.) Knoxville is built U{)on one of these ridges, and the depot 
at Athens, in McMinn county, is upon the same ridge. Other examples 
are Black Oak, Copper, and Chestnut ridges. These are large ridges, crossed 
in going to the north-east from Knoxville to the coal mines in the Cum- 
berland Table-land. 

46, (3.) Narrow and Sharp - crested Ridoes, and Lines 
OP Knobs. — Often alternating with the broad dolomite ridges we have 
others that are steep and have shari) tops. When their crests are un- 
broken, they resemble a roof with two slopes. Usually their crest is more 
or less notched, and sometimes the ridge is so deeply notched that it be- 
comes a line of knobs. Such a line, in which the knobs are prominent red 
hdU starts up near Strawberiy Plains, passes within sight of Knoxville on 



THE VALLEY OF EAST TENNESSEE. 31 

the opposite side of the Holston river, runs near Athens, and almost 
reaches the Greorgia line, altogether traversing the yalle7 for 100 miles. 
It looks not a little like a long line of potato hills of mammoth dimen- 
sions. 

47. The Minor Valleys and Coves. — These have been 
referred to a number of times already (pages 11, 12). 
They are very numerous, like the ridges. All of 
them have names, which it is not necessary to enu- 
merate. The valleys have great length, two of them, 
though not averaging more than a mile in width, run 
continuously through the State, from Virginia to Geor- 
gia, a distance of more than 150 miles. In general 
they vary in width from a few hundred yards to sev- 
eral miles. Most of them are fertile and beautiful. 
SoQie of the narrow ones are not inviting, being cold 
and unproductive. 

48. Nearly every portion of a valley has its creek, 
flowing either to the north-east or south-west, in c(^n- 
formity with the direction of the ridges. If the 
creek escapes from one valley into another, it does so 
through a narrow gap in a ridge, and then only to 
flow ofl^ in a direction parallel to its first course. 

49. The rocks of all valleys and coves that have 
agricultural importance are limestones, or soft shales 
intermixed with limestones. 

50. Sequatchee Valley. — The valleys and coves interlocked 

with the Unaka ridges, or surrounded by them, are referred to on page 26. 
On the Western side, embraced in an arm of the Camberland Table-land, 
is another outlier which deserves mention. This is Sequatchee VaUeyf a 
great, deep trough, cut lengthwise out of the Table-land, and dividing it 
into two parallel but unequal arms, the more easterly being Waldm't 
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Ridge. This valley has its head about midway between the northern and 
southern boundaries of the State, and extends to the Alabama line, a dis- 
tance of 60 miles. It is from three to five miles wide, and is overlooked 
on both sides by the high edges of the Table-land. 



III. — The Cumberland Table-land. 

51. Defined; Elevation, Area, Outlines, Walden*8 Bidge. 
Next in order comes the Cumberland Table-land, the 
third natural division of the State. This, as said on 
page 14, is the region of coal, a high plateau or ta- 
ble, capped with sandstone. It rises 1,000 feet above 
the Valley of East Tennessee, and 2,000 feet above 
the sea. It embraces 5,100 square miles, which is^ 
one-eighth of the State. The form, relative size, and 
oblique direction of the Table-land are seen upon the 
map on page 9. Its eastern edge is a nearly direct 
or gracefully curving line, while its western edge is 
notched and scalloped by deep coves and valleys, which 
are separated by finger-like spurs pointing to the west. 
At almost all points, on both sides, the surface sud- 
denly breaks off in sandstone cliffs from 20 to 200 
feet in height, giving everywhere a sharp and very 
prominent margin or brow to the division. 

The splitting of the southern portion by Sequatchee 
Valley (see p. 31) is a noticeable feature. The east- 
erly portion thus cut off, Walden'a Ridge, is but an 
arm, as it unites with the main body of the Table- 
land around the head of the valley. 

52. Snrfaoe and Soil — The surface of the Table-land 
is often flat for miles. Then again it is rolling and 
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diversified^ with hills and shallow valleys. In the 
north-eastern part of the division there are high ridges, 
containing many beds of coal, which may be regarded 
as mountains on the Table-land. 

The soil of the division is sandy, thin, and po- 
rous, and of little agricultural importance. 

63. An Obstacle to Free Intercourse. — This great Table, 

rising so boldly above the general level of the State, has always been a 
serious obstacle in the way of free intercourse between the eastern and 
middle portions of the State. Even now no railroad crosses it in Tennes- 
see. To pass from Knoxville to Nashville, it is necessary to make a great 
circuit to the south through Alabama. 

The Tennessee river, the natural course of which is north-westerly, is 
deflected by the Table-land to the south-west, and it is only in Alabama 
that the river succeeds in passing the barrier. The relations of the river 
to the Table-land may be seen upon the map. 

For remarks on the climate of the division see Chap. IV. Ita coal 
beds and coal will be described in the proper place. 



CHAPTER VI. 

The Non-mountainous Natural Divisions, Embracing the 
Highland Rim, the Central Basin, the Western Val- 
ley, the Plateau -slope of West Tennessee, and 
the Mississippi Bottoms. 

54. The last chapter included the three Appalachian divisions, or 
ihose embraced in the mountain belt. In this we notice the five divisions 
lying west of this belt, in no one of which are there points rising much 
higher than 1,000 feet above sea-level. The latter are much simpler in 

3 
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their surface features, and will not require such long descriptions. In 
these the valleys and ridges run in no determinate direction, and nothing 
is seen of the parallelism so prominent in the Appalachian divisions. 

IV. — The High-land Rim, or Rim-lands, or Ter- 
race-lands. 

55. Extent and Bim-character. — -ExtendiDg from the 
western base of the Cumberland Table-land to the 
Tennessee river, a distance of 120 miles, and encir- 
cling, as a flat country does a lake, the great Basin 
next to be described, is the Highland Rim, the fourth 
and largest natural division of the State. This is a 
great upland plain, 1000 feet above the sea, the cen- 
tral part of which has been eroded and washed out to 
form the basin mentioned. It is a rim around a basin. 

56. The outside limits of the division, or of the 
Rim, and its relations to the other divisions;^ can be 
readily made out on the map (p. 9). In form it 
approaches a square. The portion west of the Basin 
is twice as wide, as that on the eastern side. The 
entire area is 9,300 square miles. 

57. Surface, Soils, Iron-ore Banks. — The surface of 
the Rim is generally flat. Many parts, however, are 
furrowed by streams, giving a pleasing variety of hill 
and dale. Large sections have rich and productive 
soils. These are thickly settled and in good cultiva- 
tion. In other sections the lands are very poor, and 
have but few or no inhabitants. 

On the western side of this division are iron-ore 
banks, remarkable for the quantity and purity of their 
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•ores. These will be noticed under the head of JEfco- 
nomic Geology. 

V. — The Central Basin. 

58. Name, Importance, Form, Bivers, and Area. — 
The area inclosed by the Rim is very properly named 
the Basin, and, from its central position, the Central 
BoMn, It is the fifth division of the State, and the 
most important, so far as fertility of soil, density of 
population, and political influence are concerned. . 

The student will again consult the map on page 
^. The Basin is seen to be oval in general form, to 
lie lengthwise across, but within the State, and to be 
the central area. Nashville, the capital, is within it. 
It has three rivers, the Cumberland^ the Duck, .and 
the Elk, and these escape from the Basin in narrow 
and deep valleys, or outlets, cut through the western 
«nd southern portions of the Rim. 

The greatest length of the Basin is 120 miles, its 
greatest width 55, and its area 5,450 square miles — 
more than an eighth of the State. Its depth below 
the Rim will average 350 feet. 

59. The Bed of a Drained Lake. — For the better 
understanding of this singular and important division, 
we may suppose it to be the bed of a drained laka^ 
the edge or rim, which runs all around, having been 
the former shore. Indeed, if now the narrow out- 
lets of the three rivers mentioned were dammed up 
level with the Rim, the entire Basin would fill with 
water and become a lake. At Nashville the lake 
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would be 400 feet deep^ and one might sail over 
the city and never recognize its site. The summits 
of the highest hills of the Basin would stand out 
above the water as low, scattered islands. 

The climate of the Basin has been considered in 
chapter IV., to which the student is referred. Its 
geological formations will be studied hereafter. 

VI. — The Western Valley op the Tennessee 
River, or the Western Valley. 

60. Character, Area, Elevation. — This follows next 
in order. It is comparatively a narrow valley, ex- 
tending almost directly north and south through the 
State. (See the map.) The Tennessee river runs in 
a northerly direction through it, but the division is 
broken, and by no means such a valley as we 
should expect to find upon so noble a river. The 
soil is fertile, and many good farming regions are 
met with, but marshy areas, covered with cypress 
swamps, often occur. The average width of the val- 
ley is 10 or 11 miles. It has an area of 1,200 
square miles, and an elevation of 350 feet above the sea. 

This division has much geological interest, as future 
chapters will show. Its iron-ores, marbles, cement- 
limestones, and the ^^bald places'' in McNairy and 
contiguous counties, will supply subjects of interest. 

VII. — The Plateau, or Plateau-slope op West 

Tennessee. 

61. Importance; Contrasted with the other Divisions. 
This division includes all the uplands in West Ten- 
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nessee. It is the seventh in order^ and one of the 
most populous and important. It ranks third in size 
^nd second in population. 

It is an area^ not of limestones^ sandstones^ and 
other hard rocks^ like the divisions we have described, 
but of clayS; loams^ and sands. For this reason it 
is like a new land to a traveler from Middle Ten- 
nessee. He misses the rocks in the bluffs of the 
istreamS; in the railroad cuts^ and on the hills and 
ridges. The mellow soils are different, the rivers are 
sluggish, not like the rippling streams to which he 
has been accustomed. These are bordered by low, 
wide, and often marshy bottoms. 

62. Plateau Character: the Bluffs, BiverSi Area. — 
This division is' a plateau, sloping gently to the west. 
Its four-sided and nearly diamond form, with Jackson 
near the centre and Memphis in the south-west cor- 
ner, can be seen upon the map so often referred to, 
and with which the student cannot be too familiar. 
The eastern border of the division, which is but little 
west of the Tennessee river, is, at some points, 600 
feet or more above the sea. This border nearly co- 
incides with the dividing ridge between the waters of 
the Tennessee and the Mississippi, and is known as 
the Tennessee Ridge, Thence the Plateau extends to 
the west for 85 miles, when it very abruptly termi- 
nates, falling off in a line- of steep declivities called 
the bluffs, which overlook the great alluvial low plain, 
•or bottoms, of the Mississippi. The fall of the sur- 
face from the eastern border to the bluff edge is 200 
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feet, and the average height of the bluff, above thft 
bottoms, 130. 

63. The map shows the division to be well veined 
with rivers. The most of these rise on the eastern 
border, and flow entirely across the Plateau-slope to 
the Mississippi. 

The entire area of the division is 8,850 square 
miles, making more than a fifth of the State. 

Notwithstanding the absence of hard rocks, it will be seen, in another 
Part, that the geological formations of this division are by no means de- 
void of interest. For climatic relations the student will refer back ta 
Chapter IV. 

VIII. — The Mississippi Bottoms. 

64. A Low Plain, General Character, Soils, Area, Ele- 
vation. — We have now reached, in our westerly course, 
the last division of the State. Entering it we leave 
behind all the upland of Tennessee, and find ourselves 
on a low alluvial plain, which, at many points, is^ 
below the high-water mark of the Mississippi river. 
The division embraces all the bottom lands of the 
great river within Tennessee. It differs greatly from 
any other large section of the State. Much of the 
area is covered with swamps and lakes; much, too, 
is wild and dark, with heavy forests, even now the 
retreat of deer and other wild animals. Other por- 
tions, confined mostly to a belt bordering the river, 
are in a good state of cultivation. The soils are 
deep and of great fertility. When its lands shall 
have been reclaimed, settled, and put in proper culti- 
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vation, it will be the most productive part of the 
State. 

66. The Mississippi river, by its windings, cuts 
the division into several unequal parts. Altogether, 
its area is 900 square miles, making it the smallest 
of the eight natural divisions. Its average eleva- 
tion is not far from 270 feet above the level of the 
Gulf. 



PART III. 
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66, On the last page we completed the survey of the surface of the 
State. The information thus acquired is of high value in itself; it will 
be indispensable in the work of describing and locating the formations, 
iron-ore regions, coal beds, marble belts, mines, etc. 

In this Part, in accordance with the plan developed in the Introduc- 
tion, the pupil will study the rocks and strata, the latter being but another 
name for the wide-spreading layers in which rocks occur ; in the next, or 
Part IV., he will study tlie great formations, or the different groups of 
strata made out by geologists (see page 4) ; and in Part V., coal, ores, and 
other minerals, useful rocks, and soils, all of which are products, or 
parts, of the formations. 

And here, before we go further, it will be proper 
to answer the question, 

67. Wltat is Geology? To study what we have 
just enumerated, as the subjects of this and the re- 
maining Parts, is to study Geology. The word itself 
is from two Greek words, and signifies the dory of the 
earth. As used here it means, in the words of Mr. 
Dana, "an account of the rocks which lie beneath 
the surface, and stand out in its ledges and moun- 
tains, and- of the loose sand» an4 soils which ooTW 

(40) 
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them; and also an account of what the rocks are 
able to tell about the world's early history/' 

68. Geology explains how the rocks were made, 
why occurring in layers or strata, and how these, by 
the action of mighty forces, were raised out of the 
sea, elevated in mass, or folded in plaits, as if thick 
cloth, or broken and made to overlap, one edge upon 
another; and how since they have been worn or eroded 
by water, frost, and ice, and shaped into mountains 
and valleys. It points out the fact also that the 
strata contain the remains of extinct races of animals 
and plants, shells, teeth, bones, leaves, stems, and 
fruits, all of which has a most significant meaning. 
Every stratum thus filled is like a leaf in a book: 
it is a leaf in the earth's great rock-book, a part of 
a veritable history, and tells about beings of strange 
forms that lived when the materials, mud, etc., out 
of which the stratum was formed, were accumulating 
at the bottom of the sea. There are many leaves in 
this book, and thus does geology become the record 
of a wonderful story. 

69. Again, Geology informs us about the ores and 
y minerals, the particular rocks and the soils that man 

uses in so many ways in the industrial and domestic 
arts, and for the purposes of life, or from which he 
derives his means of subsistence. This part of the 
science is called Economic Geology. 
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CHAPTER VIL 

The Minerals which Compose the Rocks. Silicates and 

the Scale of Hardness. 

70. Minerals Making Tennessee Bocks. — Rocks con- 
sist of minerals. Granite, for example, is a mixture 
of three minerals, quartz, feldspar, and mica. Lime- 
stone is composed essentially of but one, caldte. The 
number of minerals entering into the composition of 
Tennessee rocks is not great; it is, indeed, very small, 
if we exclude the rocks of the Unaka Range. All 
that the student need consider are the ten following: 
Quartz, caldte, and dolomite; feldspar, mica, amphibole^ 
pyroxene, garnet, talc, and chlorite. All but the first 
three are confined to the rocks of the range just 
mentioned. 

71. The Ores. — 'ri>^ ores are minerals that can be profitably 
worked for the metals they contain, as the iron, lead, and copi:>er ores, few 
of them are essential constituents of the rocks. They are properly con- 
sidered in Part V. 

I. — Quartz; Silicates, and the Scale op Hardness. 

72. Characteristics of Qnartz. — Common flint and 
the grains of pure, white, gritty sand are varieties of 
quartz. It is the material of grindstones, and of the 
best oil or whetstones. Of all the ingredients of 
rocks, quartz is the most common. The following 
are some of its characteristics, and by means of these it 
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may be distinguished from other common minerals: 
It is (1) one of the hardest of minerals, scratches 
glass easily, and strikes fire with steel ; (2) it does 
not melt in the hottest fire; (3) it is not dissolved 
by water, nor by any common acid; and (4) it breaks 
as easily in one direction as another, resembling glass 
in this respect. It is a little more thati two and 
a half times heavier than water. 

73. Crystallized Quartz. — There are very many kinds 
of quartz, and its varieties present all colors. It is 
often found in colorless crystals, which are frequently 
as clear as glass. The accompanying figures indicate 
the outlines of two of its crystalline forms. Similar 

crystals, with others of more com- 
plex forms, are found at many lo- 
calities in Tennessee, especially in some 
„. „ ^. „ of the counties of East Tennessee. 

ITig. I. Jblg. 6. 

Very often the crystals are attached 
by one end to a surface of rock, making the surface 
brilliant with little pyramids of quartz. At a num- 
ber of points on the Highland rim, hollow balls of 
rock, called geodes, are found, which are rough on 
the outside, but when broken, display an inner sur- 
face thickly studded with the brilliant, glassy-looking 
pyramids of this mineral, which sparkle in sunlight 
almost as if they were diamonds. 

74. The region of the Hot Springs in Arkansas 
is a noted place for large and clear crystals of quartz, 
or rock crystaUf and specimens are often seen in cab- 
inets, and as curiosities on mantels. Such crystals arp 
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sometimes cut and polished as lenses to take the place 
of glass in spectacles. They are also cut to make 
gems in imitation of diamonds. When the crystals 
are of purple color^ a stone cut from them is called 
an amethyst, and when yellow, false topaz. Rose quartz 
is simply a massive variety, colored rose-red or pink. 
Smoky and Milky quartz are other varieties, the first 
having a smoky-yellow or smoky-brown color, and the 
other being milk-white and opaque. 

75. Concretionary Quartz or Chalcedony. — Under this 

head are included varieties of quartz that are not crystallized or glassy. 
They are more like wax or rosin in structure, and often in appearance, 
some of them havii^g a waxy lustre and look, though of course very hard. 

The word conci-etionaiy refers to the fact that the particles of specimens 
of this kind are united, as is the case In glue or wax, w^ithout showing 
ordinarily any crystalline form, structure, or grains, such as we see in 
alum, rock-candy, salt, coarse sugar, and in many other common sub- 
stances and minerals. Sometimes specimens of concretionary quartz have 
their particles arranged in layers, and often of different colors, just as we 
might arrange layers of wax by piling one upon another. The layers 
may be either flat or wavy, or they may be arranged around a centre 
(concentric) like the coatings of an onion, in which case the specimens are 
called concretions. 

The concretionary varieties of quartz are not so common or important 
IS the crystallized. They do not enter largely into the composition of 
focks. Some of them are interesting only as supplying ornamental stones, 
or as elegant material for the manufacture of small mortars for chemists 
and mineralojfista, knife-handels, seals, and such articles. When polished, 
they present beautiful surfaces. 

76. Chalcedony proper has the lustre nearly of wax. Some speci- 
mens are transparent, others permit the light to pass only, and imperfectly, 
through the edges, or in other words, are tranduceiit. Its color may be 
white, gray, brown, blue or black. When of other colors it haa other 
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names. Oomelta7i, so often seen in ear-rings, finger-rings, breast-pins, and 
other jewelry, is a clear red or brownish red chalcedony, the brownish 
kinds being also called Sard, Chrysoprase is an apple-green chalcedony. 
Agate is a name applied to variegated chalcedony, presenting often several 
different colors. The colors may be arranged in layers, or in clouds, or 
may be due to visible impurities. It is Banded or Ribbon agate when the 
different colors ai*e in layers, whether these be wavy or concentric. If the 
layers are zigzag the name Fortification agate is sometimes used. The 
clouded kinds have no very well defined names. Moss-agate is a variety 
having brown, moss-like forms distributed through the mass. Onyx is an 
agate with the layers not only of different colors, but parallel and even. 
It is used for oameoSj the head being cut in one color, and another making 
the background. In ordinary onyx the layers are alternately black and 
white. In the Sardonyx the layers are brownish-red, or sard, and white. 

77. Flint is somewhat allied to chalcedony, but more opaque, and 
of dull colors. It breaks with a sharp, cutting edge, as seen in gun-flints. 
Homstone is like flint, but more brittle. Chert is an impure flint, or horn- 
stone. Buhr-stoTie, out of which mill-stones are made, is a spongy or cel- 
lular, flinty rock, which may be considered a variety of coarse chalcedony. 

78. Jaspery Quartz. — This is an impure colored quartz, neither 
crystalline nor having a waxy lustre. One kind, much admired, is JHe- 
liotropey or Bloodstonej a sort of green chalcedony, with spots of red jasper, 
which look like drops of blood. The rough surface of jasper is dull, but 
it admits of a brilliant polish, and is often formed into vases, boxes, knife- 
handles, etc. Like chalcedony, it is also cut into stones for jewelry. 
Very fair specimens of chalcedony and jasper have been met with, and 
may be obtained in the coves and included valleys of the XJnaka Bange. 

79. Opal. — This differs from quartz in containing water in its 
composition. It is not as hard or as heavy as quartz. It is of various 
pale colors, and sometimes, as in Precious opal^ shows internally a rich play 
of colors. 

In connection with the subject.of quartz it will be best to explain the 
terms, 

80. Silica and Silicates. — SUica is the chemist^s name for 
quartz. The two names mean essentially the same thing. Silica comet 
from the Latin word silexj which means fiint. Silica or quartz, when ana* 
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lyzed, is found to be a compound of two elements, Silicon and Oxygen^ the 
first a non-metallic substance, onlj known to chemists; the other the most 
abundant of all elements — a gas, and a very important constituent of the 
air, without which we could not live, nor could coal or wood bum. 

81. Silica has the power, especially in the state of powder or fine 
sand, ol" uniting with alkaline substances, such as potash, soda, lime, 
magnesia, and with the oxide of iron, oxide of lead, and similar substances, 
to form glass. For example, if a mixture of silica, potash, and lime, in 
the proi)er proportions, is heated in a very hot furnace, it will melt into 
liquid glass, all the different ingredients thoroughly uniting together to 
form a definite compound. Common glass is made in this way. Such a 
compound is called, in the language of chemistry, a silicate. If potash 
and lime are used with the sand, the glass will be a silicaie of potash and 
lime; if soda and lime, a silicaie of soda and limCj and so for the other al- 
kaline substances. Thus, by varying the ingredients, difierent kinds of 
glass are manufactured, each one being a different silicate. 

82. Now, many minerals are found in nature which have a compo- 
sition similar to that of glass ; in other words, they are silicales. They are 
generally crystallized, often in large and beautiful forms. They may be 
called crystallized native glasses. Such are feldspar^ mica, homMende, and 
other minerals we are soon to notice. 

83. Quartz Bock. — Great cliffs, and even mountains, 
are made of quartz rock. It occurs in strata, and 
frequently in veins, cutting through the other rocks. 
Such strata and veins, the latter sometimes containing 
particles of gold, are met with in the rocks of the 
Unaka Range. 

84. Sand and Sandstones. — The beds of sand in 
the rivers and elsewhere are made up in great part 
of quartz grains, for the reason that grains of most 
other minerals, being soft, wear out and disappear in 
the washing and moving of the sands by the currents 
of water. Sandstone rocks are also composed of quartz 
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grains; they are sometimes but little more than hard- 
ened beds of sand^ the grains becoming cemented to- 
gether or simply cohering. Quartz rocks diflFer from 
sandstones in not showing grains, or at least not so 
distinctly. They are more compact and glassy in ap- 
pearance. 

85. We have had occasion to speak of the hard- 
ness of quartz. Hardness is a relative term, and in 
order that the student may understand the degrees. of 
hardness, and have the means of determining it, we 
here append. 

The Scale of Hardness, — Mineralogists determine the hardness of min- 
erals by comparing them with a set of selected minerals, the hardness of 
which is known. Quartz or flint, for example, is a mineral of known 
hardness. It scratches glass easily, strikes fire with steel, and is, therefore, 
harder than glass or steel. Minerals are often compared with quartz in 
order to ascertain whether they are harder or softer. The gems, such as 
the diamond, rubies, and emeralds, are harder and will scratch the quartz, 
but very many minerals are softer. Ten minerals have been selected by 
mineralogists as a standard of hardness, with which all minerals are 
compared. These make the scale of hardness. It begins with one of the 
softest minerals, to^, and ends with the very hardest, the diamond. Quartz, 
it will be observed, occupies the seventh place in the scale, and comes next 
before the precious stones. 

36, The scale is as follows, talc being the lowest, and counted 1, 
the others following successively, showing the relative hardness by the 
£gure8 prefixed : 

1. Talc. Laminated green variety ; easily scratched by the finger nail. 

2. Gypsum. Crystallized variety; not easily scratched by the nail. 

Does not scratch a copper coin. 

3. CalcUe. Transparent variety. Scratches and is scratched by a cop- 

per coin. 

4. Fluor, Crystalline variety. Not scratched by a copper coin. Does 

not ncratch glass. 



48 THE BOCKS AND THE STBATA. 

5. Apatite. Transparent variety. Scratches glass with difficultx- 

Easily scratched by the knife. 

6. Orthoclaae. White cleavable variety. Scratches glass easily. Not 

easily scratched by the knife. 

7. Qiuirtz: Transparent variety. Not scratched by the knife. Yields 

with difficulty to the file. 

8. Topaz. Transparent variety. Harder than flint. 

9. Sapphire. Qleavable variety. Harder than flint. 

10. Diamond. Harder than any known mineral. 

We notice here some of the minerals of the scale not described else- 
where. 

37. ApcditCy the fifth member of the scale, has die same composition 
afi the ashes obtained by burning the bones of animals. It may be con- 
sidered crystallized bone-ash. It is often found in nature in beautiful 
large crystals, and when of a yellowish green color is called asparagus 
stone. N^ar Charleston, in South Carolina, is a bed of a compact variety 
of apatite which resembles impure limestone. This is quarried out, and 
the pieces are ground and used extensively to fertilize or manure land. 

TopaZy sapphirCj and the diamond^ when in solid, clear crystals, are pre- 
cious stones, and of extensive use in jewelry. Topaz is a sUicate of alumina. 
Its cliaracteristic color as a gem is yellow. 

88. Sapphire and Alumina. — Sapphire is crystallized atuminoy 
and alumina belongs to the same class of substances that lime does, that is 
to say, it is alkaline or basic, though very feebly so. Like lime, it unites 
with silica or quartz to form native glasses or silicates ; and topaz, just 
mentioned, is one of tiiem. Alumina is the characteristic constituent of 
common clay, the clays being also compounds of alumina and silica, with 
which, however, there is combined more or less water. 

The name sapphire is properly applied to the hbie crystals of alumina; 
the red crystals are called rubies; the green, oriental emeralds; the violet, 
oriental amethysts; and the yellow j oriental topazes. These stones are next to 
the diamond in hardness, and have very great value. 

89, A more common name for crystallized alundna is ^eonmdum. 
This name includes all the varieties, whether in handsome Grystals or not 
Sapphire, and other forms of corundum, are found in North Carolina, not 
very far east of the Tennessee line. 
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The common sorts of corundum, when reduced to coarse and fine pow- 
dersy are sold as emery. These, on account of the hardness of the mineral, 
have great scouring and polishing properties. 

90. Diamond. ^^^^ diamond is crystallized carbon. There are 

three very different forms of carbon ; one is seen in common charcoal, an- 
other in the misnamed ^^ black lead" of cedar pencils, and the third, in the 
diamond. The "black lead" of pencils contains no lead. The proper 
name for it is. graphiUy from a Greek word, which means I wite. It 
is a soft, black mineral, very suitable for writing on paper — a use of it 
known to every school-boy. It is also used for polishing stoves, as a lu- 
bricating material in the place of grease for the axles of wagons, and for 
other purposes. 

It is truly wonderful that a single substance like carbon can thus form 
three things so very different. Graphite is as soft as talc, which is only 1 
in the scale of hardness, while the diamond is 10, or the very hardest of 
the scale. Charcoal is quite different from either; it burns easily, while 
graphite and the diamond burn with great difficulty. 

The other minerals of the scale will be noticed, either in this chapter, 
as constituents of the rocks, or in Part V. 

II. — Calcite. 

91. What it is, and How occnrring. — Calcite is, in 
rock -form, nothing more than limestone. The grains 
of limestone rock, of marble, and of chalk, are prop- 
erly calcite. It does not occur, however, only in 
rock -form. We often find it in beautiful crystals 
in the cavities of the rocks and in veins, either alone 
or in company with other minerals and ores; it forms 
the curious "stony icicles" called stalactites which hang 
from the roofs of caves. It is deposited in compact 
layers, or as a mealy material (marl), from the waters 
of many strong limestone springs, and it is the white 

substance which collects on the inside of tea-kettles 
4 
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in which limestone water is boiled. Calcite is also 
the principal part of oyster, snail, and other shells, 
as well as of many corals. 

All rocks and substances made up of calcite are said to be caZcareous, 
Limestone and chalk are calcareous rocjcs. Calcite itself is a calcareous 
mineral ; it was formerly called calcareous spar, or calc spar. Calx is the 
Latin word both for limestone and lime. 



92. Crystalline Forms. — Calcite crystallizes in many 
forms, some of which are represented in figures 4 
and 5. Though these forms, or crystals, are so dis- 



Fig. 4. 





similar in appearance, yet all of them break alike 
and easily in three diiferent directions, always break- 
ing, or better, splitting, out a form or block similar 
to A in Fig. 4. This block has six similar sides, 
and is called a rhombohedron (rhom-bo-h6-dron). In 
Fig. 4 are six dififerent rhombohedrons, and crystals 
of calcite occur in the shape of every one of them. 
If broken, however, the pieces have the form of the 
rhombohedron, indi<mted by A. A specimen of cal- 



CALCITE. 51 

<Ate in which the crystals are flat rhombohedrons like 
B, is called nail-head spar, as they look something 
like the heads of wrought-iron nails. 

In Fig. 5 we have other forms in which calcite 
•crystallizes. That indicated by A is a very common 
form, and specimens showing the points of this form 
are called dog-tooth spar. 

93. Clear, transparent crystalline pieces of calcite, are called Jee- 
land spar. ' It gets the name Iceland because fine specimens have been 
found in that island. This spar has the curious property of making every 
thing appear double when seen through it. In place of one letter, line, 
or dot, we always see two. The crystals are much used in studying the 
subject of light. 

94. Chemical Character. — Calcite is^ in chemical lan- 
guage, carbonate of lime (calcic carbonate), that is to 
say, it is a compound of carbonic acid, which is a 
gas in the free state, and lime. If calcite, either in 
<;rystals, or in its rock-form, limestone, is heated red 
hot, as limestone is heated in a lime-kiln, it is de- 
composed, the carbonic add gas being driven oflF in 
the air, and the lim^ remaining. Carbonic acid may 
also be driven off from calcite or limestone by a 
stronger acid, such as hydrochloric (muriatic) acid, 
nitric acid, or even strong vinegar. In this case 
what remains is not lime, but a compoimd of lime 
with a part of the acid. If a drop of acid, which 
^if hydrochloric or nitric) ought to be diluted, is 
placed upon calcite or limestone, a brisk boiling or 
bubbling takes place at once in the drop, owing to 
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the escape of the carbonic acid gas. This boiling is 
called effervescence. The experiment is a simple and 
useful test by which calcite may be distinguished from 
a number of minerals which it resembles. It will, 
for example, distinguish calcite from quartz or gyp- 
sum; it effervesces with an acid, while they do not. 

95. Calcite is dissolved to a limited extent in water containing free 
carbonic acid. Bain water, in passing through the air, absorbs some car- 
bonic acid, and acquires the power of dissolving limestone. Such water,, 
passing through the soil and coming in contact with limestone, or other 
calcareous material, dissolves some of it, and when it issues in springs from 
the rocks or soils, it is hard or limesUme water, A vast amount of limestone 
rock is thus dissolved and carried away every year by the water of springs. 

96. Caves. — "^he caves so common in limestone regions owe their 
origin in most cases to the action of rain water containing carbonic acid. 
This gets into the cracks and fissures of the rocks, and dissolves out a way 
for the water to run; thus an underground stream is formed. Such 
streams, once started, not only dissolve the rock, but wear and scour it 
away with the sand and mud which they often carry along. Thus 
large and long subterranean caverns have been excavated, like the Big, 
B(mef and other caves in Tennessee, and the Mammoth Cave in Kentucky. 

97. Stalactites and Stalagmites. — The rain water 
which trickles down through the cracks and fissures 
in the roofs of caves contains dissolved limestone; it 
brings a load of limestone or calcite with it. Upon 
reaching the ceiling of the cave, a part of the water 
is evaporated, arid calcite is deposited upon the ceil- 
ing. In this way stalactites, to which we have al- 
ready referred, are commenced, and are made to in- 
crease. There may be nothing but a little knot or 
nipple of matter to begin with, but by continual ad- 
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•ditions the stalactite may become very large and long. 
Some of the water falls to the floor of the cave, and 
evaporating there, deposits calcite. Thus it is that 
stump-like piles of calcareous matter are built up, 
which are known as stalagmites, A stalactite often 
has a stalagmite directly under it. The first length- 
ens downward from the ceiling, and the other upward 
from the floor. They often meet, and form a column, 
or pillar, in the cave. 

98. ^^6 waters of springs and rivers sometimes deposit calcite from 
■solution in considerable beds. When these are extensive and compact, the 
material is known as travertine; when cellular, as ealCf or cdtcareofis tufa. 
These are of the same nature as stalactite and stalagmite material. Cal- 
careous tufa often contains twigs, leaves, moss, etc., which have become 
•enveloped by the deposition of the calcareous matter around them. Trav- 
ertine is frequently used as marble, and some varieties are very handsome. 

III. — Dolomite. 

99. Compared with Calcite. Magnesian Limestone. — 
Dolomite is much like calcite, from which it is not 
always easily distinguished. It is harder than calcite, 
and does not effervesce freely unless the acid is heated. 
As to chemical constitution, dolomite not only contains 
lime, but magnesia also; so that while calcite is sim- 
ply carbonate of lime, dolomite is carbonate of lime 
and magnesia. Dolomite is often burned for lime; 
when it is, the lime produced is necessarily mixed 
with magnesia. 

100. In rock masses this mineral is called magne^ 
sian limestone. Great strata of it, many hundred fee* 
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thick, exist in Tennessee, especially in the eastern part 
of the State. The higher and greater part of Knox- 
ville is built upon this rock. (§ 45, p. 30.) 

IV. — Feldspar. 

101. Composition and Kinds. — This is one of the 
minerals which helps to form granite and granite-like 
rocks. Within Tennessee it is only to be found in 
the rocks of the Unaka Range. There are several 
varieties of feldspar, or rather, feldspar is the name 
of a group of minerals. They are all silicates of 
alumina, combined, in addition, with some other alka- 
line substance (p. 46). One variety, orthoclase, already 
mentioned as a member of the scale of hardness,, 
contains potash, and is, therefore, a silicate of alu- 
mina and potash — a potash- feldspar. This is com- 
mon feldspar. Another contains soda in the place of 
potash, and is known as soda-feldspar or albite. Oth-^ 
ers contain both soda and lime, and are soda-and-lime- 
feldsparSy one of which is known as labradorite. These 
minerals have about the same weight as quartz and 
calcite. 

102. Distinguished from ftnartz. — The feldspars may 
bo distinguished from quartz by the following charac- 
teristics : 

They are not so hard by one degree, though they 
cannot be scratched by the knife; they melt when ex- 
posed to high heat; and they break or split in twa 
directions, in one direction splitting easily, and giving 
an even, bright, and polished surface. 
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103. Th\a property of splitting in one or more directions, with 
bright, even surfaces, is called deavage by mineralogists. Very many min- 
erals show it. We have spoken of the cleavage of calcite on page 50. 
Quartz does not ordinarily show cleavage. 



104. Source of Clay. — The feldspars are important 
minerals. It is from them principally that the char- 
acteristic ingredient of different clays has been, and is 
derived. 

The pure clays are hydrous (containing water) 
silicates of alumina. When feldspars, or the rocks 
containing them, decompose, they lose much of their 
basic part, that is, their potash, soda, lime, etc., be- 
coming simply silicates of alumina, or clays. Kaolin^ 
or china clay, is one of the purest of the clays. It 
is found in regions where granite-like rocks are de- 
composing. The best china ware, or porcelain, is 
made from it. 

Common clays are mixtures, and contain sand, ox- 
ide of iron, and minute particles of other minerals 
derived from various rocks. 

V. — Mica. 

105. Characteristics, Uses, etc. — "I^his mineral, sometimes 
Improperly called isinglass, is easily recognized by its splitting or cleaving 
into exceedingly thin and elastic leaves. It is often seen in granite, sand- 
stones, and other rocks, in minute silvery, and sometimes shining black, 
scales. It is one of the trio of minerals which compose ordinary granite, 
quartz and feldspar being the others. When the granite is coarse the leaves 
of mica are large, and may be mined. There is a mica mine in North 
Carolina. Mica leaves stand the fire well, and are used for a variety of 
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puqiosesy one of which is to make windows in stoves, so that the fire may 
be seen. 

106. Mica is generally transparent, or translucent, and may be 
white, gray, brown, or black. It is not quite as hard as calcite. It is, 
like feldspar, a ailioate of alumma, combined in various proportions with 
alkaline or basic substances, principally potash, magnesia, and oxide of 
iron. Some varieties contain water as an ingredient. 

VI. — Amphibole and Pyroxene. 

107. Common Characteristics. — ^These minerals have the same 
composition. They are silicates of itwo or more of the following bases : 
lime, magnesia, oxide of iron, and alumina. Barely, certain other bases 
occur. Lime and magnesia are generally present in the different varieties, 
of which there are very many ; iron and alumina exist in addition in par- 
ticular varieties. Amphibole (am^-phi-bole) and pyroxene (pyr'-ox-ene) 
are (iften distinguished with difficulty unless in crystals, the shapes of 
which are unlike. In their different varieties they vary in color from 
white, through shades of green, to black. They may be in crystals or crys- 
talline masses, or in grains, leaves, or fibres. Some of the tine, fibrous, or 
silky kinds of both are called asbesfus. These minerals vary in hardness 
from 5 to 6J, and are, therefore, not as hard as quartz. They are from 
three to three and a half times as heavy as water. 

108. Amphibole. — This is often called homMende^ but we confine 
this name to the dark -green or black varieties ; hornblende contains iron 
and alumina. It frequently takes the place of mica in granite and allied 
rocks, and this is the only difference between granite and syenyte. It often 
looks like mica in the rocks, but it is brittle, and will not split into thin, 
elastic scales with the point of a knife, as mica does. 

109. Pyroxene. ^ greenish variety of this mineral, called sahlite, 

is found in Tennessee. It is associated with the magnetic iron ore of Car- 
ter county. Augite is a black or blackish-green variety, looking like 
hornblende. It contains iron, and is common i;i rocks of igneous origin. 

VII. — Garnet. 

110. Characteristics. — Beautiful, many-dded, dark-red crystalii 
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of garnet occar imbedded in mica slates, and other roclw. Thej may be 
found in the region of the copper mines at Ducklown. 

Fig. 6. Fig. 6 ahows the manner of their occur- 

^^^^^^^^^^^^^^ rence, as i^ell as how they project out on 
^-^ ~ Ifcii the Burlaee when the rock haa been worn 

QH a* by the weather. The crystals are ot 
h11 aizeii, friini that ot a pin'a head to forms 
in inch or more through. 
Thip mineral is also a tUicale, containing 
»lumina, iron, and lime. It is variable in hardness, but averages about 
that of quartz. When found in well colored and clear crystals it is used 
89 a gem. 

111. Tourmaline is another mineral which is found imbedded in 
rocks. It occurs usually in long, black, brilliant prisms. Sometimes its 
crystals are beautifully red or green. The red variety is occasionally used 
to imitate rubies. Tourmaline is milicaU much like the others, but differs 
in containing bemcie odd, one of the ingedients of common borax. 



VIII. — Talc asd Chlorite. 

112. Talc. — This is one or the softest of mioerals. 
It represents 1 in the scale of hardness (p. 47). It 
is unctuous or soapy to the touch, so much so that 
the powder is sometimes used, like grease and graphite 
(p. 49), as a lubricator. It is not nnfrequently called 
mapstone. It is greenish, white, red, or gray, and 
[has a pearly hue or lustre. One variety splits into 
thin leaves like mica, but the leaves are not elastic ; 
they bend, but do not fly back, which serves to dis- 
tinguish them from mica. Talc is a silicate of mag- 
nesia containing water. 

Zeolite 1! an earthy, compact variety of this min- 
eral. It is sawn into slabs and used for lining fur- 
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naces and stoves as a protection against the heat, and 
lias also other uses. It is mined in North Carolina. 
Talc has very nearly the weight of quartz, bulk for 
bulk. 

113. Chlorite, or Prochlorite. — Chlorite is much like 
talc, and sometimes the two are not easily distinguished. 
It is slightly harder than talc, not so unctuous to the 
touch, and generally of a darker green color. It con- 
tains also alumina, in addition to the other ingredients 
of talc. 

Both of these minerals enter largely into the com- 
position of rocks. They form talcose and chloritic 
slates. 

114. Serpentine. — Like talc, serpentine is a hydrous silicate of 
magnesia. It is, however, a different mineral. Its average hardness is 
about that of calcite, with which it is sometimes associated as a massive rock. 
This rock sawed into slabs makes a much-admired marble called verd-an" 

Hque or serpentine marble. The serpentine may be green, yellow, or red, 
and with the white calcite it makes a mottled or clouded surface, often of 
great beauty. 



CHAPTER VIII. 

The Kinds of Rocks. 

115. In the last chapter we considered the kinds of minerals which, 
with a few unimportant exceptions, make up the rocks of Tennessee. Id 
this we study the rocks themselves as to kind and mineral composition 
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116. Kocks are generally mixtures or aggregations 
of minerals which may be in minute or coarse grains, 
in pebbles or in small crystalline pieces. How this 
is will be better understood after considering 

117. The Origin of Tennessee Rocks. — These rocks 
were once beds of gravel, sand, calcareous and clayey 
muds at the bottom of the ocean, which, at certain 
times in past ages, covered the whole of Tennessee, 
and at other times but parts of it. The gravel, sand, 
and mud were derived from a variety of sources. 
They were washings from the lands, or matter drifted 
from one part of the ocean to another, or accumula- 
tions of shells, corals, and other remains of animals 
and plants, broken, or even ground, to mud by the 
currents. The beds, by the pressure of the waters 
and their own weight, became compact, and finally, 
through simple cohesion or the action of cementing 
substances, hardened into rock. Thus the pebbles be- 
came conglomerates; the sands, sandstones; the clays, 
shales; the calcareous mud, limestones. 

118. Deposits of materials like those which ages 
ago gave origin to the rocks of Tennessee, are at 
this day accumulating and hardening, more or less, into 
rock in the oceans and seas, and some of them may 
in time to come be raised out of the sea, as our rocks 
have been, to form the foundations of new lands for 
future generations. 

119. It must be stated, however, that, so far as 
the hardening of the beds is concerned, the greater 
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pai*t of West Tennessee presents an exception. Here 
the strata are unconsolidated beds of sand^ clay, etc. 
These sands and clays were deposited, like the others 
(but long afterward), at the bottom of the ocean, or 
rather in this case, of an arm of the ocean, which 
reached up as far north as the mouth of the Ohio 
river. This arm was an extension of what is now 
the Gulf of Mexico. Such strata as those of West 
Tennessee, although not hardened, are, nevertheless, 
called rocks by geologists. 

120. But it must not be understood that the de- 
posits which were the beginnings of our rocks were 
beds of pure sand, clay, etc. Washings from the 
lands and drifts in the ocean would contain every 
thing movable by floods or currents. The different 
mineral matters would be sorted out to some extent 
by the flowing water, so that here pebbles would pre- 
dominate; there sand; and beyond, clay. But yet 
this sorting would not be complete, each kind would 
generally contain more or less of the others. It thus 
happens that sands and sandstones often contain clay, 
calcareous matter, grains of mica, and other minerals. 
We call it sandstone when the sand predominates and 
gives character to the mass. Limestones are rarely 
pure calcareous matter; they may contain sand, clay, 
and other ingredients in various proportions. This is 
one reason why we have so many varieties of lime- 
stone. And so with the other rocks. 

121. The rocks in general may be grouped into three 
classes — the sedimentaryy the metamorphic, and the igneous^ 
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122. I. Sedimentary Rocks and the Terms Applied 

to them. — I'h® hedB of sand, clay, etc., of which we have spoken, and 
similar deposits, are often called sediments, and the rocks resulting from 
them sedimentary rocks. The term fragmented is also applied to them, for 
the reason that the particles from which they are made are fragments from 
still older rocks. They are also called stratified rocks, as the materials of 
the sediments were spread out in layers one ahove another. Many of 
them contain fossUSf and are, therefore, termed fossilifei^oits or fossil-bearing 
rocks. 

123. II. Metam Orphic Kocks. — Metamorphi^ means changed. 
In some regions sedimentary rocks have been so acted upon by long-con- 
tinued (but not a melting) subterranean heat as to have changed in min- 
eral character. The water- worn particles or fragments originally compos- 
ing them are seen, if large enough to be visible, to have become crystal- 
line grains. Very often, under the influence of the heat, the elements of 
the particles react upon each other in such ways as to produce crystalline 
grains of minerals very different from the species of minerals to which 
the particles belonged. By such changes impure sandstones and clayey 
rocks have been, in some regions, transformed into granite-like rocks 
wholly different in appearance ; dark and purer limestones into white 
statuary marble ; and soft shales into tough roofing slates. Bocks thus 
changed are known as metamorphic rocks. Many of the strata of the 
Unaka Kange are of this character. 

Sometimes metamorphic rocks show no distinct crystallization, the 
change consisting in a greater hardening of the original mass. 

124. III. Igneous Kocks. — The rocks so named have been 
in a melted state. They occur in what were once openings or fissures in 
the earth. The fluid rock coming up from some seat of fires below, filled 
the fissures and solidified in them. In this way a class of veins have been 
formed which are called dikes. A few dikes have been observed in the 
rocks of the Unaka Range, but they are of little importance. In volcanic 
regions igneous rocks are common, and occur in dikes and beds, the latter 
resulting from the overflow of lava from volcanic vents or craters. 

We will now enumerate and briefly describe the kinds of rocks oc- 
curring in Tennessee. 
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125. (a.) Sandstones and Eelated Rooks. — These are 
sedimentary rocks, and were once beds of sand, or 
gravel. The characteristic mineral is quartz, though 
particles of other minerals are often present. Sand- 
stone is one of our most common rocks. It occurs 
in many parts of the State, and in most of the 
formations. It may be fine- or coarse-grained, and 
of a variety of dull colors, white, grey, brown or red. 
When hard and rough, it is sometimes called a grit; 
if containing clay or earthy matter, it is argillaceous 
sandstoney argilla being the Latin word for clay. 

In the Unaka Range sandstones are met with 
which are hard, very compact, gray or white, and con- 
sist of quartz grains. These are sometimes called 
quartzytes. They are either partly or wholly metaraor- 
phic rocks. Some varieties contain scales of mica. 

126. PebblOS and Breccia. — A. bed of gravel which consists 
of rounded pebbles mixed with sand, when consolidated into rock, is called 
a congtomerate or pudding sUme, If the gravel contains angular (not 
rounded) fragments, the ro<Jk resulting is bi^ecda (bret'-cha). The pebbles, 
or angular fragments, are not always quartz. Sometimes thev are lime- 
stone (calcite), or of other kinds. If principally quartz, the rock is sili- 
ceotus conglomerate^ or siliceous breccUif as the case may be ; if of limestone, 
calcareous or limestone conglomerate^ etc. If the j^ebbles or fragments are 
cemented together with iron-ore, the rocks are said to be ferruginousy a 
term derived from a Latin word which means of iron, or containing iron. 

Sandstones and quartz-rocks are also spoken of on page 46, to which 
the student is referred. 

127. (6.) Limestones. — Common limestones are well 
known. The characteristic mineral contained in them 
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is caleite, and hence they are said^ as stated on page 
50, to be calcareoti8 rocks. 

There are many varieties of limestones. They may 
he coarse- or fine-grained, hard or soft, pure or im- 
pure, as before explained; they may contain shells, 
entire or broken, crinoids, corals, fish-teeth, bones, or 
other relics of extinct races. They are generally dull- 
blue, or gray, but may be colored, by the impurities 
present, yellow, red, brown, and even black. 

128. The following are common varieties : 

Argillaceous limestone. Containing clay. 

Siliceous limestone. Containing fine sand, or siliceous particles. 

Cherfy limestone. A limestone more or less mixed with the kind of flint 
called chertj which is present in particles, lumps, or layers. 

Odytic limestone or Egg-limestoTie. Made up of small round particles 
(concretions), from the size of a mustard-seed to that of a pea, and looking 
like a mass of petrified fish-eggs. Odyte is derived from a Greek word 
meaning egg. 

Shell4im^07ie and FossUi/erous limestone. Containing animal remains. 

ChaUc, An earthy limestone, generally white, easily making a mark 
on wood, or other hard substance. 

Hydraulic limestone. An impure limestone that burns into a kind of 
lime which hardens under water; it is also called cemient-limestone and 
uxxier-lime rock. 

Marl. An earthy mass containing much soft or powdery limestone. 

Marble, Any limestone that is durable, takes a good polish, and looks 
well when polished, may be called marble. The marbles of Tennessee will 
be treated of in the Economic Part. 

129. If not too impure, limestones burn easily into 
linie. Sometimes, when containing much sand, flint, 
or clay, they burn into lime with difficulty; they are 
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then called fire-rocka in Tennessee, and are used for 
hearths, and the backs of fire-places. 

130. "^^6 limestones of this State belong to the aedimentcary class.- 
In North Carolina, not far from the Tennessee line, limestones exist which 
have been changed by heat into more crystalline, compact, and generally 
lighter colored, rocks, or, in other words, are of the metamorphie class. 
Some of these make good marbles. 

131. The calcareous matter out of which the slaUuUUes of the caves 
are formed (pp. 52, 53), is another kind of limestone not included above. 
It differs in having once been dissolved in waier, as already explained, while 
common limestones were at one time beds of calcareous mud or sediment 
that have since consolidated into rock. 

132. (c.) Magnesian Limestone, or Dolomite. — This 
rock is much like limestone, and is often so called. 
It has been sufficiently described under dolomite con- 
sidered as a mineral (p. 53). 

133. (d.) Iron-ore Rocks. — The dyestone ore of Tennessee 
(p. 1 83 ) is a stratified rock. It appears to have been once a mixture of 
limestone and carbonate of iron (a dovhle carbonate). The part worked for 
iron has had the limestone leached out of it by the action of water, and 
has been further decomposed, so that now it is mainly a red hematiU. 
Other beds of hematite in East Tennessee, and the magnetite of Carter 
county, are also rocks. For descriptions see Economic Part. 

134. (e.) Shale. — This is another very common 
rock. Shales are hardened beds of clay; some shales 
are little else than clay arranged in thin laminae or 

leaves. They belong to the sedimentary class. Shale 
is often improperly called slate, especially if splitting 
into plates a foot square or more. There is, however^ 
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BO true slate anywhere in Tennessee east of the Unaka 
Range, where the metamorphic rocks are found. The 
rocks so called are shales. 

Shale is a soft rock, splitting or separating, like 
slates, into thin leaves, which are generally fragile or 
easily broken, but sometimes quite tough. It may be 
gray, greenish, purplish, reddish, and even black. The 
following are included among the varieties : 

135. BituHLinouS Shale. — A shale containing hitwmen or coaly 
matter, and sometimes yielding crude coal-oil, or kerosene, when heated in a 
still. It is generally black, and when put on hot coals often flames for a 
little while, but does not bum to ashes. It is often mistaken tor coal. 
Bitumen is a sort of natural pitch, or hardened tar. 

136. Alum Shale. — A shale from which alum may be manu- 
factured. It contains alum, or iron 'pyrite (p. 197). 

137. (/.) Slate. — The true slates are rocks which 
have been changed by heat, and belong, therefore, to 
the metamorphic class. They are slaty in structure, 
being made up of laminae of greater or less thick- 
ness. The slates, as we have said, and all the rocks 
that remain to be described, are confined to the Unaka 
Range, the metamorphic area. Some of the principal 
kinds are : 

138. Clay Slate, or Abgillyte. — Roofing dale and writing slate 
Are good examples of this kind. Clay slate, or argillyte, is a slaty rock of 
fine grain, and of various, but usually dull, colors, such as gray, green, 
red, purple and black. It must split evenly to make good roofing and 
writing slates. Slabs of it are used for table-tops and for mantles. It ia 
usually a mixture of very fine quartz and feldspar. This rock differs fn)m 

5 
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shale, among other things, in the direction in nhich it xplils. Shalt eplila 

in a plane parallel \o the top and bottom of the bed or stratum to which 

it belongs, while slate splits independently of the bedding, and ma; split, 

directly or diagonally, acroaa the bed. The cut, Fig. 7, illustrates this. 

The strata, which in this case are curved, are marked out by the curved 

p^g - and darker lines; the slates by the 

„ __^ finer straight and diagonal lines. It is 

"^ seen that the elates run in a determi- 

nite direction without reference to the 

bedding Thia kind of splitting ig 

-— - — ' cnlled alaly daaiage. 

ArgiHyte not unfreiinently containH, imbedded in it, crjelals of pyrile, 

garnet, and other minerals. 

139. Mica Schist. — Schinl is another name for slate. The name 
is applied lo a slaty rock mostly made up of visible, glistening scales of 
mica. Mica schist is very nlaty in structure, breaking into thin pieces, 
and often easily wearing away. Besides tlic mica, it contains a little feld- 
apar and more quartz. Like argillyte, it often contains imbedded crystals. 

140. Mica Slate.— This is like mica schist, excepting that the 
ecalea of mica are so small as hardly to be seen without a magnifying 

X41. Hysro-uica Slate. — Similar in character to mica schist 
and mica slate; but the mica is hydrovi, that is, contains water in compo- 
iition, which gives the rock a more or less greasy feel and jiearly look. It 
was once called lalcose elaie, the hydrous mica being taken for 'ale. 

It 'may be added here, that there is a true lakoae i!ale, but it occurs 
rarely and in local beds. Steatite, or satpslone, is a rock-form of talr, un- 
mixed with other minerals (p. 57). 

142. (g.) Granite. — This rock, id some countries, 
forms great mountain masses. In Tennessee there is 
very little of it, the rook so-called being gjieias, which 
Js described below. It differs from all the rocks wo 
bave mentioned in not occurring in beds or layers; 
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it is a massive, unatratified rock. Granite, as before 
started, is composed of quartz, feldspar, and mica, min- 
erals that have been studied. These exist in granite, 
not in rounded grains or in pebbles, such as make 
up sandstones and conglomerates, but in crystalline 
grains, those of feldspar and mica often showing smooth 
and shining faces. The grains are promiscuously mixed 
together. The crystalline character is the result of 
heat. 

143. Granite is of motley color, each of its minerals 
having usually a different tint. On broken, or better, 
polished surfaces, the quartz grains or portions, in a 
:given specimen, may show spots of either gray or 
smoke-color; the feldspar, white or flesh-red; and the 
mica, white or brown, or even black. 

144. (A.) Syenyte. — When a granite-like rock has 
the mineral hornblende in it, in the place of mica, it 
is called syenyte. 

The hornblende in syenyte is generally dark-colored, or black, some- 
times grayish- or greenish-black. Its grains are brittle, and will not split 
into thin, flexible scales like mica. In this way it may be distinguished 
from black mica. This suggests a way of determining whether a given 
rock is granite or syenyte. 

The red Scotch granite brought to this country for monuments is sy- 
enyte. 

Unahjte is a coarse granite in which a greenish mineral, called epidote^ 
i«place3 mica. This rock is found on the North Carolina line, in Cocke 
county, Tennessee, at a place called the ''Bluff." It has been named 
Unakytef by Prof. Bradley, because it occurs in the Unaka mountains. 

145. (h.) Oneiss. Gneiss (pronounced like the 
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word nice), is the same as granite, excepting that it 
occurs in beds or layers, and looks like a stratified 
rock. It has been called stratified granite. It occurs 
in layers, because the minerals composing it, especially 
the mica, are arranged in planes. The rock will* 
sometimes break rather easily into slabs or flags. Many 
of the high mountains of the Unaka Range, near and 
on the North Carolina line, are made up of gneiss 
and gneissoid (nice-soid) rocks. 

146. Gneiss passes into mica schist or mica slate 
when the amount of mica present becomes great in 
proportion to the feldspar and quartz, the other ingre- 
dients of the rock. 

In gneiss, mica schist, and mica slate, as in gran- 
ite, the mica may be replaced by hornblende. Hence 
we have hornblende gneiss, hornblende schist, and horn- 
blende slate. 

ProtogiTie is a sort of granite or gneiss containing ehlarUe (or talc) in 
place of all, or some, of the mica. 

Many of the mountains near and on the North Carolina line are made 
up of gneiss and gneissoid rocks, principally of the mica and hornblende 
kinds. 

147. ^^^ rocks just described, commencing with s2a/6, are included 
in the metamorphic series. Granite occurs sometimes in yeins, and ap- 
pears to have filled fissures (p. 61) in a melted state. Such granite hat 
been called an igneous rock, but the matter of which it is composed may 
have been brought into the fissures through the agency of heated waters^ 
or in some other way. 

148. (i.) Trap Rocks. — These are igneous rocks 
which, with the lavas, as before remarked, are, so far 
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as the Geology of Tennessee is concerned, compara- 
tively unimportant. 

Trap (from trappa, step) is a heavy, dark-colored 
rock, often found in dikeSj or filling what were once 
fissures in the crust of the earth. It entered these 
fissures, from fiery depths, when in a melted state 
<p. 61). 

Dikes are met with in many regions where there 
are no volcanoes, so that trap is not necessarily a 
volcanio rock. It consists of a lime-soda feldspar 
(called, from Labrador, where it was first found, lab- 
radorite), and augite (pyroxene). It also contains 
grains of magnetic iron-ore. The rock is crystalline 
in texture, but sometimes very finely so, being hard 
and compact. 

149. Trap is the rock of the long bold cliff on 
the west side of the Hudson river, just above the 
•city of New York, and well known to travelers as 
the Palisades, Dikes of trap make many ridges in 
the states bordering on the Atlantic from Massachu- 
setts to North Carolina, as well as the region of Lake 
Superior. It is the rock of the Giant's Causeway 
in Ireland, and of FingaPs cave in the isle of Staffa, 
illustrations of which places are often seen in school 
geographies. 



150. Doleryte and Basalt are names applied to trap rocks ; basalt 
especially to the fine-grained varieties. 

151, Dioryte (Greenstone) is a trap-like rock, composed of a soda 
ieldspar, or a soda-lime feldspar and hornblende. 
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152. Amyffdahidj or AlmondrTock, is a trap containing, imbedded io 
it, nodules of different minerals. The places filled by the nodules were 
originally cavities in the trap made by the gases, when the rock was still 
melted. Sometimes the nodules have the shape of almonds, hence the 
name of the rock, amygdcUum being the Latin word for almond, 

153. Porphyry. — A.ny rock containing distinct crystals of feld- 
spar scattered through it is said to be porphyritic. A polished surface of 
such a rock shows angular spots on a ground of different color. True por^ 
phyry has both spots and ground of feldspar, though differently colored. 
It consists of compact feldspar, through which are disseminated crystals 
of the same mineral. 

154. (j.) Lavas, or Volcanic Rocks. — The rocks so 
named have been formed by the action of volcanoes. 
These fire-mountains eject melted rock from their cra- 
ters, and sometimes from fissures and openings on their 
sides. The melted matter cools and hardens into 
lava of different kinds. 

The lavas are much like trap in composition. They are often cellular 
in structure, and many of them resemble slags from furnaces. 

155. Th^achyte (from a Greek word meaning rough) is a common 
lava, which, when broken, shows a rough surface. Another variety, sconay 
is light and spongy. Pumice is also spongy, but the cells are long and the 
rock fibrous in appearance. Pumice is from an Italian word, meaning /ro^. 
It is usually of a whitish-gray color, and is extensively used for scouring 
and polishing wood, stone, metarl, glass, etc. Obsidian is a volcanic glaas^ 
formed by the rapid cooling of certain kinds of melted lava. 
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CHAPTER IX. 



The Forms of Occurrence, Position, Denudation, and Fossil 
Remains of the Rock- masses. Geoiogicai Theory of 

the Earth. 



156. Having considered the kinds of rocks, our object now will be 
to learn in what forms the rocks occur, or are arranged, in the mountains 
and hills, and under the valleys; whether in layers or in unstratified 
masses ; if in layers, how these lie. whetlier horizontal, inclined, or folded. 
We propose, further, to learn something about the enormous wear oi 
denudation whicli the rocks have suffered through the action of water and 
other agencies. The world is a very old, greatly worn, and weather-beaten 
one. We shall also inquire into the character of the remains of animals 
and plants, which are found imbedded in the rocks. And lastly, we shall 
notice the theory which geologists have proposed in order to account for 
the form of the earth, and for the existence and general character of its 
rocky exterior. 

I. — Forms in which Rocks Occur. 

157. Forms and Classifications. — There are three 
forms in which the rocks occur: (a.) the Stratified; 
(6.) the Unstratified; (c.) the Vein-form, 

158. This is a classification of the rocks, based on their forms as 
actually seen in cliffs, ledges, quarries, veins, wells, and other exposures, 
without especial reference to the theories of their origin, or to the agents 
concerned in forming them, though these may be noticed in the descrip- 
tions. 

The first classification given, that on pp. 60, 61, in which the rocks are 
grouped into the three classes, sedimentary ^ metamorphiCy and igneous, is dif- 
ferent, and has direct reference to these agents, and especially to the two 
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great and, in some respects, opposing agents, water and heat (or fire) ^ whiclu 
more than all others, have been instrumental in building up, changing, 
destroying, and rebuilding the rooks of the earth. The sedimentary rocks, 
as we have learned, have been formed by the agency of water; the meta- 
morphic, by that of vxUer and heat; the igneous, by heai^ or fire. 

159. (a.) The Stratified Forms. Definitions. — 
Rocks are stratified when they lie in layers, beds, or 
strata, one upon another. 

160. The student must know the meanings we attach, respectively, 
to the terms layerj stratum, and formation, and how they differ. 

A layer is one of the beds or leaves into which a rock is ultimately and 
naturally divisible. It may be many feet thick, or as thin as a writing-slate. 

A stratum is a collection of layers of the same kind, no matter how thick. 
The top or bottom of a stratum is reached when we meet with a layer of 
another kind of rock. (A single layer, which has a different rock both 
above and below it, is also a stratum.) The word stratum is defined on 
page 4, which see. (It is pronounced stray'-tum, the plural being stray^' 
tah; not strat-um and strat-a.) 

A formation embraces all of a series of strata formed in one age, or one 
period, of time. See further page 4. 

161. Very nearly all the rocks of Tennessee are 
stratified. The fact that the rocks show themselves 
in layers must be familiar to every boy or girl who 
knows how to observe. It is well seen in the bluffs 
(cliffs) along the rivers; limestones, sandstones, and 
other rocks are quarried out* in Ixiyers of different 
thicknesses; layers of rock are seen in the beds of 
creeks, in railroad cuts, and often outcrop on the hill- 
sides. Many rocks, as the shales, slates, and schists 
we have studied, are made up of layers so thin as 
to be called slaty. 
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162. The annexed figure (taken, with others which 
follow, from Mr. Dana's great work, the Manual of 
Geology), may be used as an illustration of how the 
layers and strata of rock show their edges, or outcrop, 
on the face of a bluff. 



In the particular series of strata represented, 1, at the bottom, is 
^1 g a stratum of sandstone; 2 is a hard 

gray layer, called Qray Band; 3, a 
{ thick bed of greenish shale ; 4, a lime- 
« stone ; 5, another bed of greenish shale ; 




^ ^^pQJ 6, another stratum of limestone; 7, 



shale again ; 8, at the top, another 
limestone, different from those below. The thickness of the whole is 
400 feet. 

163. Such an exhibition of the rocks is called ? 
section. The cut represents a section of the strata ex- 
posed along the Genesee river at the falls near Ro- 
chester, New York. Wherever the rocks are cut 
into, or through, by streams, railroads, or in mining, 
sections of the layers or strata are exhibited. 

The part of the cut, on page 77, showing the edges 

of the strata, a, 6, c, etc., is a great cliff, and gives a 

• good idea of what is meant by a section in geology. 

164. In the deep gorges of mountain streams, the sections pre- 
■sented are sometimes thousands of feet high. The Coljorado river ^ on the west 
slope of the Bocky Mountains, has, for 200 miles of its course, cut its 
way down through the strata for hundreds, and even thousands, of feet. 
Looking up from the river, the cliffs rise, on both sides, in vertical walls 
from 3,000 to 6,000 feet in height. The layers and strata are well exposed 
in these cliffs, and on so large a scale, that geologists delight to visit them 
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In our own State, tbe grstid cuts formed bj the riverg iDtereectitig the 
Unaka Range, and Bpoken of on pages 26 and 27, eive sections of the 
rockfl hundreds of feet high. The Cumberland Tahlft-land also hae ffiany 
gorges (gtdji, we BomelimeB call ihem), worked out by the streams, and ex- 
[Mtsing Ihe strata which build it up. The strata of the Highland Kim 
are expowd in a similar manner. Manj of the streams which flow from 
this Division have cut out. in their descent into the Central Basin, deep 
PflTgeK bounded by high bold cliSs. At the heads of the goi^es are often 
beautifol, and even grand, water-falls. Those of the Caney Fork and its 
IribuCariea are especially noted. 

169. Thus it is seen that the water-courses, rivers, 
and creeks, have been of great service to geologists 
in laying open and displaying the rocks. It was 
mostly by the carefnl study of such sections that the 
formations of Tennessee were made out. 

166. Horizontal Position of Layers, or Strata. — The 
figure on the last page represents the outcropping edges 
of horizontal or level strata. The sketch on this page 




IB a good picture of sucli strata. The stratified rocks 
have this position over very large areas of North and 
South America, and the other continents of the globe. 
The rocks of more than two-thirds of Tennessee vary 
but little (with few local exceptions) from a horizontal 
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position. The part of the State thus having horizon- 
tal rocks, commences with the western half of the Cum- 
berland Table-land, and extends to the Mississippi river, 
which includes all of Middle and West Tennessee. 

167. ^^ addition to the horizontal position, the Rketch shows 
wliat is meant by jointed structure. It is not uncommon to find the rocks 
of a region thus divided into very regular angular blocks by cracks which 
run down to great depths. The cracks are called joints, 

168. Extent of Strata. — In connection with the 
horizontal position, it will be well to notice the hori- 
zontal extent of the strata, or how far they spread 
out. These sheets of rotjk, in some cases, extend, 
short distances, in others many, and even hundreds, 
of miles. 

169. -^s an example of their great extent, the Black Shale may be 
given, one of our best known formations, and one which has often been 
mistaken as an indication of coal, or even for coal itself. This formation^ 
which, for the most part, is a single stratum of blackisli, bituminous shale 
(usually called date)^ not at any point in Tennessee much over 100 feet in 
thickness, is found in the western part of the State outcropping along the 
hills on both sides of the Tennessee river. Going eastward, it appears 
again all around the slopes of the Central Basin ; thence spreads under 
the Cumberland Table-land ; re-appears at the eastern slope of this divi- 
sion, outcropping along its base, from Georgia to Virginia. It thus 
reaches, though comparatively so thin, for more than 200 miles through 
the State, always having the same relative position, so far as the forma- 
tions above and below it are concerned. But this is not all ; this BUick 
Shale reaches beyond Tennessee, extending in a northerly direction to the 
lakes, and in a southerly far into Alabama. It may be seen at Blourt 
Springs, in the latter State, presenting the same appearance that it does 
in Middle and East Tennessee. 
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170. Original Position of Strata. — All the strata 
in Tennessee were once horizontal, or nearly horizon- 
tal. That it must have been so will be plain when 
we consider their origin. As stated in paragraph 117, 
on page 59, the strata were at first beds of sand, 
clay, mud, etc., in the ocean. The materials of these, 
derived, during very long periods, from various sources, 
were, by the action of currents and the waves, spread 
out in layers over the nearly level bottom. Hence 
the horizontal position of the strata. 

171. Folded and Inclined Strata; Formation of 

Kountain Ranges. — After the strata were formed, as above stated, 
they were raised, very slowly and in great and wide masses, out of the ocean 
to make the continents. Over large areas they retained mostly their hor- 
izontal position, but over other areas they early began (in consequence of 
great lateral pressure) to wrinkle in a succession of immense folds, which, 
in many cases, ended in the upturning of the rocks, and in the formation 
of mountain ranges. By this action the strata were crowded together, 
often broken, made to overlap, and to dip or be inclined at all angles. 
Such wrinkling or folding of the rocks has happened at different periods 
in the history of the world, the mountains resulting being of different 
ages. The Appalachian Belt of mountains and valleys (page 11) origi- 
nated in a system of folds completed in one of these periods ; the Rocky 
mountains in a system belonging to another and a later period. 

172. Lateral Pressure ; Illustrated in an Apple. — 

The folds of the strata may be compared, in some respects, to the wrinkles 
on a drying apple. As the pulp of the apple dries it contracts, while the 
rind or skin does not. Thus the rind becomes too large for the pulp, and 
as it does not separate from the pulp, it is drawn or pressed together lat- 
€rally until its superabundant part rises in wrinkles. The earth, like the 
apple, has two parts, a crusty and an inside part which is contracting. In 
one case the contraction is due to drying; in the other, to cooling from a 
heated condition, but the effects of contraction in the two cases are, in 
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•ome degree, onalcf oui. The outer cool and bard crust of the earlh does 
not ooDttact, and hence hecomeB too large for the heated and i»>oIing inte- 
rior. Its mass, like the parts of an arch, press lalersll; together until 
finally tlie cniat relieves itself bj forming one or more folds along some 
weak and yielding portion. Owing, perhaps, to the presence of melted, 
and hence fluid or plastic rock below, the strata general); begin the fold- 
ing bj a downward movement. 

173. I^s layers of rock, although appearing so stiff and inflexible, 
will, under certain conditions, bend to a considerable extent. Like piles 
of thick cloth, if pressed together from apposite sides (lateral pressure), 
they will arrange themselves in folds (phita we call Ihem on page 41). 

174. Sections of Folds, etc. — The cut. Fig. lO, taken from 
Lyell's Elementary Geology, illustrates well how strata may be folded, 
and how mountains may result. It was intended to illustrate the struc- 
ture of the Swiss Jura mountains, but it itlustrales as well the st 
of some of the Appalachian mountains and valleys of To 



Fig 10. 




The letters a, 6, c, rf, and «, represent strata or formations which, by 
lateral pressure, have been crowded np into the folds. A, B, and C. Botli 
B and C are unbroken and imdemided, forming long, straight mounttun 
lidges. A, however, has been fractured and denuded along its summit, & 
trough or valley resulting along the line of elevation. 

Sequatchee Valley, in this State, has the same structure as the trougV 
A. It also has been washed out alonE Ihe hack of a fold. 
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Fig. 11 repreaento the folding of the strata in one part of the Appala^ 
chian belt, as observed in Virginia. The groaps of rocks are indicated 

Fig. 11. 




respectively by the Roman numerals. Although the folds are not com- 
plete, the student will be able, doubtless, to trace them out. 

176. The names applied to the different parts of a fold are ex- 
plained in Fig. 12. 

Fig. 12. 




Fig. 13. 



An imaginary plane dividing a fold lengthwise, and indicated by a z, 
is the axU of the fold. It is an anticlinal axia when the strata slope away 
from the plane in opposite directions, like the two sides of a roof. The 
strata of an anticlincU ridge slope in this way. It is a synclinal axis when 
the strata slope toward the plane from opposite directions, like the sides of 
trough or the letter V. In Fig. 12 a^'x^ is a synclinal axis, and the valley 
under o^ is a synclinal valley. 

Folds, like those above, that have had their tops removed (denuded) 

are sometimes called decapitated folds. In 
the annexed Figs., 13 and 14, if the fold 
a has its top removed it becomes like 6. 
The removal of the top leaves the strata 
12 3 3 2 1 1 2 3 3 2 1 dipping in one direction, and arranged in 
the order represented by the figures 1, 2, 3, etc. This order will be re- 
ferred to again. 

The left part of Fig. 11 shows a decapitated fold. The strata have 
been so removed as to form a valley along the back of the fold ; and this 
valley is aniielinal in character, since the strata slope away from the axis. 
On each side of the valley is a ridge. The relations of the strata at the 
bottom, and on the opposite sides of the valley, the way in which they out- 
crop and dip, are clearly presented. 
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176. OntOTOp, Dip, and Strike. — Theae are words 
oft«n heard from the lips of a geologist, and they are 
very important ones in his vocabulary. The first two 
we have already used a numher of times. 

A rock tnUeropa when it projects out of the ground, or ia otherwise ex- 
posed lo Tiew at the surtace. An outcrop la the part thus eipoaed. The 
parts of the strata exposed in the cuts on iJiia page ore outcrops. 
Fig. 15. 




177, Dip is the degree of Inclinalion below a horizontal position, 
stocks may dip but little, in which case the; are nearly horizontal ; or 
the; may dip a great deal, or tus; even stand upright on their edges, when 
thej are said to be verlwal. The; ma; also dip in an; direction, to the 
north or aou/A, nartA-ioesI or aoutk-eaxt. The most prevalent dip in East Teit 
nessee u la the $oulh-east. In Pig. 15 the dip is in the direction a p, 
and in f^g. 16 in the direction d, p, as indicated b; the arrows. 




178, ^he itrike IS the direction of the line along which an ont- 
«ropping la;er cuts a level surface. It is horizontal, and at right angles 
with the dip. In Fig. 16 the direction of the edge 1 1 ia the atrike of the 
layers represented. In Fig. 15 > 1, parallel with tlie upper edge, is the 
-ftrike of the rocks shown. 
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179. Folded and Inclined Eocks in Tennessee. — ^The 
rocks of West and Middle Tennessee, as before stated 
(p. 74), are mostly horizontal. Traveling in an easterly 
direction across the Cumberland Table-land, the strata 
continue horizontal, until a point about half-way across 
is reached, when indications of the folding of the 
rocks are met with. The strata begin to be inclined 
or to dip; soon a great and complete fold is en- 
countered, and, as the eastern edge of the Table- 
land appears in sight, the western slope of another. 

Entering the Valley of East Tennessee, the evidences 
of folding: become more marked. The rocks very gen- 
erally dip to the south-east, and the edges of the strata 
are crossed in such succession as to show that the 
whole valley was once entirely filled with a series of 
complete or half-made folds, much crowded together. 
The folds, by a lateral pressure immensely great, were 
raised and pushed over toward the north-west, the 
Table-land acting as a resisting line or bulwark. 

In the Unaka Range the folding and displacement 
of the rocks is even more marked than in the Valley. 

180. Fig. 17 will illustrate what has been stated. It is a section^ 
from the north-west to the south-east^ across the Valley of East Tennessee, 
or rather a section across East Tennessee, as it includes the Unaka Eange 
on the right, and the eastern part of the Cumberland Table- land on the 
left. The section is partly ideal and partly true to nature. Its object is 
to show how the strata have been wrinkled or folded in this part of the 
State. This it does, in a general way, satisfactorily. The form of the 
folds, the fact that they have been pushed over to the north-west against 
the Table-land, causing the strata for the most part to dip to the south-east^ 
are, with other characters to be mentioned, illustrated by the cut. In 
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t, however, mtuij detaib hare been left out, and some feat- 
ares exaggemled. The actual strata do not dip, as a general thing, bo 
•teepl^, and gome of tlie folds are less compressed. 

It, will be observed that the folds are divided, b; a curving and vravj' 
tine which commences at B and terminates at U, into two parts — a light- 
pi^ .. shaded and a dark ■ sliuded part. This line 
represents the actual sur/cure ol the Valley of 
East Tennessee, and of the slopes of the moun- 
tains on each aide. The portions of the folds 
above this line have been daaided, or worn and 
washed away. They once filled what is now 
Ihe Valley with mountain masses of rocks, but 
by vast eroaion or wear, continued thi-ough a 
long time, and mainly by the Hgency of water, 
they have been removed and their strata worn 
down to the present surface. This explains why 
the edges of the strata outcrop on the surface. 

181. SlBplacementB or Faulti. — The 
rocks in their efforts, under pres- 
sure, to form folds, liave not always 
succeeded in dcing so. A series 
of strata wonld break, and one 
edge of the series would slide over 
^(^/fl the other, making one overlap the 

other, and producing a displacement 
of the rocks, called a fault. In 
some cases the strata have been 
much crushed, and the rocks thrown 
into complieited positions. In Fig. 17 the part be- 
tween D and E shows a displacement, or fault. The 
edge D was once joined to E ; but the group of 
strata was broken, and the edge D was pushed up and 
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over E. Between H and L is a similar displacement 
and fault. 

The plane of separation between the overlapping part D and the over- 
lapped part E is the place of the fault. This, on the actual surface of 
the country (the section of which is indicated in the figure by the wavy 
line, as stated), appears as a line running generally in the same direction 
with the outcropping edges of the strata. This direction, so far as Fig. 
17 is concerned, is of course at right angles to the face of the page on 
which the figure is printed. When a geologist travels across such a line 
or fault, he at once observes that the proper sequence, or order in which 
the strata naturally follow each other, is interrupted. After passing the 
fault, the very series over which he has been traveling will begin again. 
Thus if he has traveled over the edges of strata, designated by a, 6, c, d, 
and e, and then comes to a fault, he will, after passing it, meet perhaps 
with b again, and then with c, d, e, etc., in order as before. Indicating the 
fault by a vertical line the arrangement may be a, 6, c, (2, e, | 6, c, d, e, or 
something similar, the series on each side of the fault being more or less 
complete. 

182. There are many long faults in East Ten- 
nessee, along which two sets of strata, one of which 
was once, when the rocks were undisturbed and hori-. 
zontal, hundreds^, or it may be thousands of feet 
above the other, are brought right together. These 
faults extend, like the ridges and valleys, in a north- 
easterly and south-westerly direction. 

183. .^^ ^^7 ^ stated here that the order in which the strata of a 
denuded or decapitated fold are arranged is well illustrated in Figs. 13 
and 14. Traveling across the edges exposed as at 6, the order is 1, 2, 3 : 
3, 2, 1. In this case 3 was the lowest stratum and 1 the uppermost, before 
the folding took place, or when the rocks were horizontal. If a fold lies 
tdow the surface the order is reversed. Had the same strata been folded 
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daumwardf the order would have been 3, 2, 1 : 1, 2, 3, the uppermost stratum 
in this case being inside. 

In the section. Fig. 11, on the same page, the strata rise in an anticlinal 
iold on the left, and sink in a synclinal one on the right. The order in 
-which they outcrop at the surface is, commencing at the left end : VI, 
T, IV, III : III, IV, V, VI : VI, V, IV, III, II. 

184. Study of the Strata; Begin at Home. — It is* 
very desirable for students in geology to study these 
sections, the facfcs about the folds, the faults, and the 
order of outcropping strata until they are understood. 
It is especially important for students in East Tennes- 
■see. Without this knowledge they will never be able 
to comprehend the structure of the country they live 
in. The whole land is beautiful and grand in its 
rocky structure, as well as in the disposition of its 
mountains, hills, and dales, and it is unfortunate, that, 
for lack of knowledge, so many are, comparatively, 
blind to it all. 

185. Let the student make practical work of it. Begin right ai 
hxyme. Let him make out the different strata that he has been playing, or 
hunting over ; see whether limestone, sandstone, shale, or other rock ; ob- 
serve the color, structure, hardness, how thick they are, the order in which 
they occur, whether they contain shells, chert, or minerals ; if containing 
•shells, let him study these until he knows their forms, and can distinguish 
one from another. If living in East Tennessee, let him further notice the 
^ips of the rocks, search for indications of a fold, or evidences of a fault. 
By work of this sort, which any apt and zealous pupil of fifteen can 
carry out, the rocks of one's neighborhood, seen in the fields and hills and 
outcropping in the branches, will become known, and so known, as, like 
the faces of familiar friends, to be easily recognized when met with in 
other and distant places. Many a distinguished geologist, with but little 
•assistance from books or teachers, commenced his career in this way. 
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the bocks and the stbata. 
(6.) The Unsteatified Fobm.- 



- XJnatralijUd 

roehs do not lie in layers or strata. As but few- 
rocks having this form exist in Tennessee, we need 
not dwell here. On pages 66 and 67 the unstrati- 
fied condition is mentioned as a characteristic of granite. 
The rocks of trap dikes (pp. 61, 69), like the Pali- 
sades on the Hudson, are also unstratified. 



187. (c.) The VeIN-FOEM. — ThU, in the clasBification on 
page 71, is given as the third and last form in irhicb rocka occur. Vara 
are made bj the filling up of cracks or fimnres in the rocks, the fillings 
being the TeiuB. The fissureE may have been verj narrow, or man^ feet, 
or even rods, wide, the veins resulting being correspondingly thin or thick. 
They may have had also great depths. The materiiU filling the fiesures 
maf be quartz, calcite, or other minerala, often with the ores of melals. 
In Fig. 18 two veins are represented, a and 5, In Fig. 19 are two ir- 




ngnlar veini, o and a'. In this, moreover in a Ih jd vein 6 wl ilIi has 
been formed in a fissure made by the fracturing of the rocka after the 
formation of the vein a. • 

188. There are hundreds of thin veins intersecting 
the limestones rocks of Tennessee. The material com- 
posing them is generally crystalline and white calcite. 
Some of them consist, in addition of fluor spar (p. 
47), baj-ile (p. 198), and lead and sine ores in small 
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quantities. In the rocks of the Unaka Kange are 
also many veins^ the material of which is often white 
^qibartz. 

The noted copper veins of Ducktown will be spoken 
^f in Part V. 

The rock-material and ores of most veins have been brought into the 
'fissures through the agency of water. Dikes are veins formed bj the fill- 
ing of the fissures with melted rock. 

II. — Denudation. 

189. Erosion and Eemoval of the Eocks. — The wear- 
ing and washing away, or, as geologists express it, 
the denudation (den'-u-da-tion) of strata, have been 
referred to on previous pages. The rocks show the 
effects of such wear and removal on a stupendous 
scale. By the folding and consequent upturnings of 
the strata, the rocks, in mountainous regions, often 
reached to elevations thousands of feet above the level 
at which we now find them. All this elevated mat- 
ter has been worn away by the action of rain, frost, • 
and ice, and carried back to the sea. Collapses and 
contractions of the earth's crust raised the strata, and 
water has cut them down, and sculptured them into 
the existing mountains and valleys. 

190. Examples. — The elevation and subsequent denudation of 
the strata in East Tennessee have been explained on pages 80 and 81. There 
is good reason for believing that the strata, which outcrop around and be- 
neath the city of Knoxville, once extended to elevations hundreds, or 
•even thousands, of feet above the present surface. All that was above has 
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been removed, and the city stands on the outcropping edges of the rem^ 
nants of strata. 

The rocks, upon which Chattanooga and all the 
towns of the Valley of East Tennessee are built, are 
outcropping remnants, and have a similar history. 

Horizontal rocks have also been subjected, in many regions, to great 
denudation. The gorges of the Colorado, spoken of on page 73, and, in Ten- 
nessee, the gulfs and coves of the western sides of the Cumberland Table- 
land, the whole of the Central Basin, the valleys of the rivers in Middle 
and West Tennessee, have been washed out of strata once continuous. 
The rocks exposed at Nashville had, at one time, a series of strata, cer 
tainly not less than a thousand feet in height, piled upon them, and the 
same is true of all the towns in the Basin. 

191. Formation of Seqnatchee Valley. — This valley, the 

■urface features and relations of which are described on page 81, is a good 
example of denudation preceded by the folding of the rocks. Its structure 
is, as stated, much like the trough A in the cut on page 77. A fold was- 
first formed, like B or C, and then the valley was excavated along its back. 
The cut on the opposite page, Fig. 20, is a section of the formations 
and country extending, from a point about eight miles north of Jasper, in 
Marion county, in a south-easterly direction, to the eastern base of Look- 
out mountain, a distance not far from twenty miles. It begins at the 
point A on the Oumberland TabU-landy and crosses, in succession, Sequutchee 
Valley (A to C), Walden's Ridge, (C to E), Loohmt VaUey (E to L), and 
Loohovi mountain (L). The dotted lines represent the portions of the 
strata that have been denuded. The lines under B present a cross section 
of the strata of the great fold and mountain (originally much like B in 
Fig. 10, p. 77), the washing away of which, lengthwise along its summit, 
formed Sequatchee Valley. This fold was raised out of the very bosom 
of the Table-land, and to an elevation more than a thousand feet (at some 
points more than two thousand feet) above its top. It lay, like a straight- 
ened and half-buried monster serpent, lengthwise with the Table-land, ex- 
tending in a south-easterly and north-westerly direction for 225 mUes^ 
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lialf in Tenneseee and half in Alnbamn. The greatei and aouthem part 
of the Tennessee halt has been eicavBted, and la now Sequalchee Vallev. 
The northern part, but partlj denuded, ia a broken range of n 
lying in a line with the valle;, and between its head and Emerj ri 
Morgan county. Crab Orchard mountain ia one of this range. 



Fv 20 



Th B Sequatchee fold, ae we may call tl, ie the 
great and complete fold " referred to on page 80, 
and first encountered in crossing the Table-land 
from the west. 

192 Talley-maldiig and Itid^e-inak- 
ug Kocka. Appalachian Geology. — We 
have seen how the rocks have been 
folded and elevated, and how then 
they have been denuded, or worn 
and washed, down to the valleys and 
mountains, as we now find them. 
Id this wear and denudation, the 
softer and the more soluble strata, 
such as soft shales and limestones, 
have jielded more to the denuding 
agencies and have worn deeper, than 
the harder strata, such as most sand- 
stones roofing slates, and gneissoid 
rocks The soft strata have thns 
been removed, while the others, re- 
sisting the wear, have, to a great 
extent remained. The excavation 
of the first has produced the valleys, and hence they 
may be called lalley tnaling rocks; the others have 
been left, and form the ridges and mountains, and 
hence they are ridge- or mouiila in-making. The dis- 
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tinction is a good one, and will aid us in understanding 
the surface features, the sculpturing &nd topography of 
the country. 



In Fig. 11 (p. 78), on the left-hand side, a denuded fold is represented, 
the strata of which are numbered II, III, IV, V, etc. No. Ill is soft, 
and has, by yielding to denudation, produced a valley. No. IV is a sand- 
stone, separated into an upper and lower part by an interposed layer. 
This rock is hard, has not yielded like the others, and hence remains in 
high ridges on each side of the vallej 

193. We can now understand why it is that the valleys and ridges 
of East Tennessee, and in fact of the whole Appalachian belt from Maine 
to Alabama, about which we have said so much, run in parallel lines to 
the north-east and south-west. First, the rocks were raised in a succes- 
sion of immenpe folds, lying in the characteristic direction; then they 
were worn and sculptured by denuding agencies, the soft strata of the folds 
yielding- and forming valleys, the hard in good part remaining and mak- 
ing ridges and mountains. The outcrops of the strata, and hence of 
course the valleys and ridges, have the direction of the original folds. 

194. Denudation of Horizontal Strata. — In the denuda- 
tion of horizontcd strata, hard rocks, as sandstones, have often resisted 
wear so as to form table-lands. The Cumberland Table-land owes its 
formation and preservation, as a table-land, to the hard sandstones which 
form its top or cap (p. 32). Without this protecting rock, the limestone 
strata which make the base of the mountain would have long since been 
removred. The outstanding cliff-edges of the Table-land are due to the 
weather- and water-resisting power of the rock. 

The outlines of the Central Basin are sharply defined by the hard^ 
often flinty, edges of the rocks, which cap the Highland Kim. These edges, 
as well as the clifT-edges of the Table-land, are like the edge of a stiff 
crust overlying some softer material. 

Hard layers very frequently give origin to ledges and terraces on the 
sides of hills. The ledges C and B in Fig. 8, page 73, have been formed 
by such layers. 
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195. TTnconformable Strata. — It has often happened 
in the geological revolutions of the earth, that one 
set of strata has been folded or tilted, and that after- 
ward the surface thus formed has been again sub- 
merged, and another set of strata deposited upon it. 
In such a case the strata of the two sets are said to 
be unconformable. They do not conform in position. 
Those of the first or lower set are tilted, while those 
of the second or upper are horizontal, and rest upon 
the edges of the first. The strata of the first are 
also plainly the older. 

We may have, in this way, three or more sets unconformable to each 
other. In Fig. 21 there are three sets of unconformable strata. Those of 
the lower and older set are folded on the left side of the cut, and dipping 

Fig. 21. 




and denuded on the right ; those of the second rest in a hollow of the first 
below the line c d ; while those of the third set, lying on both sides of the 
fold, are horizontal, and rest upon the rocks of the other two. The hori- 
zontal strata in this cut may be of two different ages, that is, two sets 
f instead of one, for the part under e f may have been deposited before, or 
after, the part under a b. 

III. — Fossils. 

196. Remains of Animals and Plants in the Rocks. — 
The rocks, especially limestones, sandstones, and shales, 
often contain, imbedded in them, shells, corals, bones, 
teeth, leaves, stems, and other remains or relics of 
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animals and plants. Some rocks are entirely mad<? 
up of them. 

Most of the rocks about Nashville, for example,, 
are little else than consolidated masses of shells and 
corals — the remains of animals that formerly lived and 
flourished. The very dust of the streets "was once 
alive." The shells and corals are different in kind 
from those now met with in the seas of the world. 
Many of them have strange forms. Their home was 
the great ocean which, in past ages, covered Tennes- 
see. This ocean teemed with living beings, and, as- 
individuals were constantly dying, its bottom became 
covered deeply with accumulations of shells and coral- 
skeletons, whole or broken, and mixed with mud. 
The accumulations were in time consolidated, afterward 
raised out of the sea, and are now our limestone 
rocks. Such is the history of most, if not all, the 
limestones of the State. 

197. What Fossils Are. — ^These relics of animals and plants, 
of whatever kind, are called fossils by geologists. The word fossiJ is from 
a Latin word, meaning that which is dug up^ and as fossils are dug out of rocks, 
or obtained from crumbling rocks, the name is Hiifficiently appropriate. Fos- 
sils are often called petnfactions, and many of them are petrified. When » 
piece of wood or a shell has its matter replaced by flint, or any other sub- 
stance difTerent from wood or the original matter of the shell, it is petri- 
fied. Fossils, however, are often found which are but little changed. 

198. The Use of Fossils. — Every formation has, to 
a great extent, its own kind or species of fossils. 
Most of those found in one do not occur in any 
other. 
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The species of fossils found in the rocks about Nashville are quite dif- 
ferent from those found around McMinnville, for the reason that the two 
places are on very different formations. On the other hand, the fossils 
found at Lebanon are the same as those occurring at JShelbyville, the 
formation of the two places being the same. 

In this is seen one of the important and practical uses to which these 
relics may be put. A person well acquainted with the fossils of any par- 
ticular formation, can tell, at localities, it may be, very distant, whether 
the rocks he meets with belong to this formation or not. A geologist* 
traveling for the first time in a country, can often know , simply from iheshdU 
in a layer of limestonej that the rocks of the region belong to the Coal 
formation, and that beds of coal may be found ; or, that they belong to 
some other formation, in which a search for coal would be useless. The 
fossils give the information. Further, by means of fossils the formations 
of Tennessee can be identified with formations in the State of New York, 
in Canada, or even in Europe. Were there no such means of easy identi- 
fication, the strata extending from Tennessee to New York might often be 
followed or traced out ; but to follow or trace out strata from Tennessee 
to Europe would be impossible. 

199. The study of the fossils (a branch of science 
called Paleontology (pa-le-on-tol'-o-gy), a word meaning 
the science of ancient life) has supplied the means of 
uniting all the formations in one grand and continu- 
ous record or history. Indeed, without these remains 
Geology would lose very much of its interest and im» 
portance. Of this, however, we shall learn in the 
next Part. 

200. The Animal Eingdom ; Its Classes, etc. — To 
have any proper or practical knowledge of fossils, it 
is necessary for the student to know something definite 
about the characteristics and classification of animals and 
plants. Let us consider the animals first. 



92 THE ROCKS AND THE STRATA. 

The various and countless species of animals that 
now live, or have lived, upon the earth, are first di- 
vided into two great groups, namely: The Verte- 
brates, or those having an internal backbone, or in- 
ternal jointed skeleton; and the Invertebrates, or 
those without a backbone. This division, though not 
very scientific, is a convenient one for geological pur- 
poses. 

The Vertebi^atea constitute a sub-kingdom by them- 
selves; the Invertebrates are divided into four sub-king- 
doms. Thus there are five sub-kingdoms in all, and 
these are still further divided and sub-divided. On 
the next page a table of the leading divisions, with 
brief descriptions and examples, is given. The table 
begins with animals of the simplest or lowest organi- 
zation, like the Sponges, and ends with those of the 
highest grade, of which the Quadrupeds and Man, the 
highest of all, are examples. This order places the 
Invertebrates first; it is the most natural, and corre- 
sponds nearly with the order in which the animals, 
as represented by their fossil remains, occur in the 
formations, and the order also in which the species 
appear to have been created. The first and lowest 
of the formations contain the remains of invertebrates 
only. Ascending througli the series we soon meet 
with the remains of Fishes, the lowest class, and the first 
of Vertebrates to appear; and then in succession with 
Reptiles, Birds, and Mammals. Of the Mammals, the 
Quadrupeds belong to the latest and uppermost forma- 
tions. Man's place is at the very top. 
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A. Invertebrates. 

1. Sub-kingdom. Protozoans. — This name means firnt animals. 
They are first in simplicity of structure, and may have been the first 
created. Bodies of jelly-like consistence, generally minute, with no or- 
gans, unless a sort of stomach. The Sponges, which are aggregations of 
hundreds of minute individuals, and a group of animals called 
Rhizopods, are examples. (See next page.) 

2. Snb-kingdom. Radiates. — Animals having a radiated struct- 
ure, that is, having their parts arranged as if around a centre. They 
have a central or nearly central mouth. In form, they may be glob- 
ular, cucumber-shaped, cake-like, umbrella-shaped, and star- or flower- 
shaped. A few live in fresh water, but the great mass in the sea. 
The forms of some of them are given in Fig. 22 on page 95, and 
the principal kinds described. 

3. Snb-kingdom. Mollnsks.— -Animals having soft bodies which are 
generally protected by an outside shell, as SnailSf PenwinJdeSy Muscles, 
Clams, Oysters, and Outtle-jish. Tlie last have an internal bone or shell. 
The word moUusk is from the Latin moUuscus, meaning soft. On page 
97, Fig. 24, is a group of them. 

4. Snb-kingdom. Articnlates. — Animals with the skin more or 
less hardened into a crust, which is divided across into rings or seg- 
ments jointed together and forms an outside skeleton. The Insects, 
Centipedes (" hundred -legged worms"). Senders, Lobsters, Oi^awfish, and 
t^orww, belong here. The forms of some of them are shown in Fig. 
25 on page 99. 

B. Vertebrates. 

fi. Snb-kingdom. Vertebrates. — Back-boned, and many of them 
familiar animals. There are four classes, as follows : 

(a.) Fishes. — Animals breathing by means of gUls, The follow- 
ing are divisions: Common fishes like the Perch, Trovi, Salmon; 
Ganoids, as the Sturgeon, and Gar-pike ; and SelachianSj including 
the Sharks and JRays. See pages 99-101. 

(6.) Reptiles. — Cold-blooded, with a covering of scales or a naked 
skin. Alligators, Lizards, Turtles, Snakes, and Frogs, 

(c.) Birds. — Well known animals with a covering of feathers. 

{d.) Mammals. — Animals that suckle their young, and have a 
skin provided with hair on the whole or some part of the body, 
as the Dog, Horse, and aU Quadnipeds, Seeds, Whales, etc. Man if 
included here 
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201. Notes and Illustrations. Protozoans. — A Sponge 

is usually a colony of numerous, minute animals, supported in a mass by 
a skeleton or framework of horny fibres, or of needles which may be cal- 
careous or flinty. The common Sponges^ so called, used for rubbing out 
marks, cleaning slates, and for washing purposes, are examples of 
frameworks consisting of horny fibres. All the kinds are found fossil in 
the rocks. 

Rhizopods (rhiz''-o-pods) were inclosed in shells (consisting of one or 
more minute ceJU), and these, though generally not larger than grains of 
fiand, were so abundant as to form the greater part of some rocks. Chalk 
is largely made up of them. Rhizopod means roolrfooted. Some of these 
animals extended out fibre-like or thread-like arms through pores in their 
shells ; hence the name. 

202. Radiates. — In this sub-kingdom are included Polyps, the 
eorcU^maJcing animals; Jelly fishes, called acalephs (ac^-a-lephs) ; Star-fishes; 
Orinoids, or the Stone-lUies ; and Sea-urchins, called Echinoids (echM-noids). 
The Radiates are of great importance to the geologist. Nearly all have 
hard parts, either an inside unjointed skeleton called coral, or a sort of hol- 
low shell or box, made up of stony pieces, and covered with a sort of skin. 
Most of the kinds are abundant in the seas of the present day. Multi- 
tudes lived in former times, and their remains fill many of the rocks. 

203. I" t^e group on the next page (Fig. 22), 7, 8, and 9 are pieces 
of polyp-masses. The flower-like ends are the living polyps, each with a 
circle of tentacles around the margin', and a mouth in the centre. When 
the animals die, the stony coral, which supported them, remains, and is 
often a beautiful structure. 

At the upper left-hand coraer, 10 is an umbrella-shaped Jelly-fish, or 
AealepK Below this, 1 and 2 are other Acalephs, resembling polyps. Some 
of the kinds form corals. 

At 4, in the lower right-hand corner, is seen a Star-fish, an animal re- 
lated to the crinoids next described, but having no stem. 

204. Nos. 5 and 6 are Orinoids (cri^'-noids), or Stone-lilies. Orinoid 
means lUy-lUce, These animals have been compared to flowers, either with 
the petals expanded, star-like, or closed in the bud. They are fixed to the 
bottom of the sea by a stem which makes them all the more like flowers. 
It is only, however, in their forms that they happen to be something likft 
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flowers; in structure the; are altogether different. The crinoida coDsist 
<tt a hollow body or box, made up of eton; pieces, which contains the di- 
gestive organs. The mouth is at the npper part of the box. Many of 
them have arms, also made ol pieces, which thej can spread out or close 
up, as a flower does ita petals. In 5, llie arms are closed up. No. 6 is a 
erinoid which had no arms. It shows ilie bo;!y and a part of the stem. 
The stems by which the? are supported, and at the same time attached to 
the bottom, are often a foot or more in length, and can be bent, like a 
bacltbone, in any direction at will. They are made up of aton; buttons 




i Group ot Rodiatei. 



piled one npon anotlier, and held together by Rniall muscles. Tn 5, a U 
one of the buttons magnified ; in 6, a represents two of the buttons of tbip 
specimen. When the animal dies the stems often fall to pieces, the bnt- 
tons becoming separate. 
. On pages 144 and 154 other species of crinoida are figured. 
205. Crinoids were once very abundant in the ancient seas; there 
are but tew of them now living. Many of the roclts of Tennenaee con- 
t«in their remains. The buttons of the sterna, especially, are very com- 
mon. Some limestones are in great part, or wholly, made up of them- 
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hence they are known aa erauridal twieeltma. Fig. 23 lepreeente s piece of 
sucli limestone. It is seen to be made up of broken etems, and separate 
bnttons of different sizes. The buttons vary in size from that of a nickel 
down to little diflks, whicli, when put together, would form a stem no 
larger than a knitting needle. 

206. In Fig- 22, on the last page, 3 is one of the forms of a Sea^ardim. 
Its outer part i» a hollow boji made up of pieces and mvered with spinee. 
In the cut the spines on one side are removed to sliow the box. The 
mouth of this animal was below, at or near the centre. 

Fis. S3. 




207. UolluBkB, — The Mollusks included the following divieioiu: 
(o.J Thoie having arma aromui iJie head, and poasesaing )ai^ ejes. 
They are called Cephalopods (ceph'-a-lo-poda), a term derived from two 
Greek words meaning head and/ool. In the group on the opposite page (Fig. 
24), 8 is one of them, the Kantilus, and a living species. The animal ia 
seen occupying the large end of a coiled shell, which has had one side re- 
moved to show the interior. It will be seen further that the shell is di- 
vided into chambeiv by cross-partitions. Most of the extinct Cephalopoda 
hud chambered ahells, which are often found fossil. The shells ware not 
always coiled ; some were but slightly curved ; many even straight. The 
latter belong to the genus Oiihoceras (or-thoc'-e-rnH), a word meaning 
ctratpAl horn. In the group (Fig. H2), on page 133, H is an Orthoceraa. 
They varied in length from an inch or two to sii or more feet. The sheila 
of the Cephalopoda had a tube, called the eiphuncU, running through the 
chambers; that of the Xanlilus is indicated in S. All of the Ceph- 
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alopods having external chambered ahellB, with the single exceptiun rf 
the NantiluB, ire extinct. 

208. (b.) MoUut/a, like the Snail, having a head, Init no onru, ans 
generally carrying a spiral aheil. Manj oi them are called QaUeropodx 
(gas'-terKi-pcHJH), from the fact that they make a sort of foot of the under 
side of the body. The common Snail, (6, in Fig. 24), Penwinldte from the 
rivers, and Sea-tiuiih, which supply many beautifal and large shells, are 
examples. Others are called Fleropodg (pronounced ter'-o-pods), a word 
meaning aing-fooUd, for the reason that they have a pair of wings for 
awimming. No. 7, in (he group below, w one oC them. 




A Oroilp ol Mullusk 



209. (c.) MoUmla mlhmU heads, called Atxphali (ac'-e-phals). 
Aeepkai means heiuljeti. The Mtiedes, Clams, and Oj/^era belong here. Th& 
shell of one of tbeae animals consists of two pieces, or valves, applied re- 
Bpectirelj to the right and left tides of the body. In Fig. 24, 3, 4, and 5 
are valves of Acephals. The mn^in a of each valve ia the front, the 
month facing thia ; the margin 6 is the back. No. 5 is the valve of an 



810. (d.) ^i^ diviuon includes a group of marine Molluske, 
each of which has a ihdt in two pieces, like the Acephals, but the piecen 
ore not right aitd Uft. and applied to the sides of the animal ; they an- 
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rather top and boUom, one being applied to the back and the other to the 
vevUrdt surface. They are known as BrackUypods (brachM-o-pods), meaning 
arm-feet, the name referring to the fact that the animal has two spiral 
arms within. Grenerally the valves in Acephals are vertical when in posi- 
tion, and alike in form and size, excepting that one is right and the other 
left. They are symmetrical like the lids of a book. The valves of Brach- 
iopods are unlike in form and size ; are horizontal, like a chest and its 
lid, and are unsym metrical. 

No. 9, in Fig. 24, is a Brachiopod. The larger valve (the ventral) has 
a beak with a hole in it, through which a cord passes, by which the ani- 
mal is attached to a rock, or some support. No. 1 is another, a species of 
the genus Llngvla, the long cord of which is shown. 

The fossil shells of Brachiopods are very abundant in the older forma- 
tions. V^y few Mollusks of this kind are living now. 

211. (e.) The last group of Mollusks includes the Bryozoans (bry- 
o-zo^'-ans). The word means moss-animals. They are of minute size, and 
pack their little shells together in thin layers, lace-like or branching forms. 
The layers often incrust larger shells, the hard parts of other animals, 
stones, etc. Some of the more delicate kinds resemble moss, and hence 
the name. Their aggregations of shells may be called corals, and the 
animals themselves look like polyps. In Fig. 24, 2 is a magnified repre- 
sentation of some of them standing out of their cells. On the right 2a is 
a section of one still more magnified. 

212. Articulates. — ^These animals are divided into Larid Articu- 
Za^es, including Insects, Spiders, and Centipedes; and Water ArticulaieSj as 
Crabs, Lobsters, Crawfish, Worms, etc. Of the water kinds, 5 and 6 (Fig. 
25) are representations (magnified six times) of the female and male of a 
species having feet or legs comparatively defective. 

213. Near the middle of the group, 7 is a Triloinie (triMo-bite), re- 
fiembling in some respects 2 and 4. IVUobites are only known by their 
fossil remains, as none are now living. They form an order of Articulates 
of great importance to geologists. The word trilohite (tri-lobed) refers to the 
division of the back of the animal into three lobes or ridges, more or len 
distinct. They appear to have had no legs or paddles ; or, if these ex- 
isted, they were soft or fleshy, and not of a character to be preserved as 
fossils. They were of all lengtlis, from half-an-inch, or leas, to twelve 



inches. In the Trilobite represeated, the end a is the head piece, the end 
d the taU pieee, and the middle part b c the body, which won divided into 
movable segmenta. Some of the Trilobitea had the power of douhling 
themeelTea up. On page 122 is a good figure of another species; and, in 
the groups on pages 127 and 132 other species are represented. 

214. Noe. 2, 3, and 4 (Fig 25) are bug-like Waler Articulates. No. 
4 has the form of a Trilobite. 

The animal represented at 8 belongs to a group of Articulates called 
Osfronn'tii. Thej are inclosed in a two-valved shell, like the Oyster, and 
hence the name. But the shell is tbin, and otherwise quiw different from 
that of the ojsler. Maaj of them are minute animals, and swarm in 
•ome waters. FoaaU Ostracoids, looking like good-sized black beans, are 
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A Group or ArticnUtsa 



■I'onimon in the rocks of Shelhyville, Lebanon, the lower parls of Colum- 
bia, and of other paints vhere the same strata are exposed. 

No. 9 of the group is a Bamade, an AHieuiale which attaches itself to 
rooks, wood, ship-bottoms, etc., by a fleshy stem. No. 1 representu a Crab. 
■On the left of the group, 10 is a marine worm, known aa the Lobworm. 

215. Tertebrates. — ^The classeaof this sub-kingdom have beoii 
given in the table on page 93. We will arid only a lew paragraphs and 
cuts with reference U> the Sdachians and Ganoids among the Fishes. 

316. "^be Sdachitmt, including, as stated, the SKarh and JIaya, have 
« akin covered with hard, bony, and rough points. Tlieir skeletons are 
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in good part, cartilage in place of bone. The term tdaehian is from the 
Greek for eartilage. 

lu tlie group of cute, I^. 26, 3 and 4 are ontlineB of Bharks. The 
two differ in the poai(ion of the mouth, and alto in the anangement of the 
teeth. In the fonner, the t«eth are in pavemeute on the jaws. No. II 
sbowB them on the lower jaw. 

FIc 26. 




Bharks and Sharks Teeth. 



All the remaining forms of Fig. 26 are illuatrationi of different 
kinds of Sharks' teeth. These fishes were created, with the Qanoida, at 
on enr] V date. Their teeth are often found foasil. 

217. "^he Oatioub (ga'-noids) arerepresented,coraparativel7, bjbut 
few living species. The order ia an ancient one. Rg, 27 ia one of these fishes 
as found in the rocks. The tail in the oldest divisioa of Ganoids ia veiie- 
hral^, that is, the backbone, or cartilaginous part representing it, extends 
out to the extremity of the tail, generally to the point of the upper lobe, 
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M in the figure, but sometimes (o the point between*. tH^ lobes. In more 
modern Qanoida, as well as in common fishes, the bnlikb^ne stops at the 
root, or commencement, of the tail. Ganoids were coTSre^Iike Oar pikes. 
with thick, bonj, and shining scales, or rather plates, quite' JliEGirent from 
the thin, flexible ECtiles of common fishes. The Ainbig plal«8 J^ave given 
} the order, the term ganoid coming from a Greek vord -which 




218. The Plant-kingdom. — he plants of the earth, including 
tioth living and foBsil forma, are divided into two great groops, namelj: 

(a.) Roaaiesa Ftante, or Ciyptagami (cryp'-to-gams), as Ferag, Sfa-vxede, 
Mama. Thej have no proper flowers, nor true seeds, there being In the 
place of the latter simple eelie, which botanists call sporee. (iSeeda contain 
an embryo plani with a store of nutriment in some form to support it.) 

(6.) Fkimering plants, or JPhenogams (phen'-o.gams), aa most of the 
oommnn plants, Odci, Pma, all our forest and fruit trees, most weeds, 
Qnuaee, garden herbs and gbruba. They have distinct flowers and tme 

319. The Flowerless Plants are sub-divided into three dassea, and 
the Flowering into two, making five In all, as follows: 



A. Floweblbss Plants. 
1, ITiallogeru (thal'-lo-gens) ; Bed- or Maei-yraiiien, Humble plant* 
flf lowest organiiation ; made up wholly of cellular (pithy) tissue, which 
may be soft or compact and hard, watery, or dry and crusty ; growing, 
without any distinction of stem, leaf, or root, in flat expansions, layers, 
strings, branching tubes, ribbon -forms, matwes of symmetrical or irregular 
•hape,or in single cells. Sea-veede, Liehera, and Fungi (pronounced fun'.iil, 
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are Thallogem, 'J^e'S'ungi include MushroonUy ToaddooUf Puff-balUf the 
' minute plants j^Vicli'form Moldf Mildew, Smutf and Eugt. The dry, crusty^ 
expansions \h^giow on rails, logs, and rocks, are Liehem (lich'^-ens). 

2. ^ir^^*or Top-Lowers, Wholly of cellular tissue, like the last, 
but growiitg «p in Uafy'Stems. The Mosses belong here. 

3. '^^crogenSf also Top-ffrowet^Sf the words anogen (an^-o-gen) and aenh 
^q&jTac^-^o-gen) having the same meaning. These are plants containing 

j^^iiy tissue and tubes or ducts, such as are found in plants of higher 

*{^r|iUe. Among them are Ferns, Lyeopods, or Orownd-PineSf and Equiseta 

* • • • 
. '•^•(^-ui-se-ta), the latter known as Horse-tails and Scouring-rushes, Species 

'*•*' of all these divbions, some of them large trees, occur in the rocks as fossils, 

***'•» especially in the strata of the coal formation. 

B. Flowering Plants. 

4. Endogens (en'^-do-gens) or Inside-growers, The class includes the 
PodniSf Ckme, BcUtan, Grasses, Indian Coim, Lily, The plants have no proper 
bark ; the wood of such as are trees or shrubs does not grow by the suc- 
cessive addition of new layers to the outside; hence the end of a PalDi 
log or Battan stick shows no rings of growth. 

Bemains of Palms occur in the later formations, and are numerous 
now. They may be regarded as modern plants. 

5. Exogens (ex^'-o-gens), or Outside-growers, Including OaJcs, Maples, 
Apple, Pines, Spruce, and all our forest and fruit trees, and most shrubs and 
herbs. They have a bark, and show rings of growth. 

There are two orders of Exogens. The first embracee the Gymnosperms 
(gym'^-no-sperms), or Naked-seeded Plants, the seeds lying naked at the 
base of the scales of cones. The Pines, Spruces, Hemlocks, etc., called Coni- 
fers (con^'-i-fers), or Cone-hearing trees belong to this order. The Cycads 
also are included. These are trees usually with short trunks, having the 
appearance of Palms, uncoiling their leaves after the manner of Ferns, 
but yet in their wood and cone-fruits like the Pines. 

There are but few Cycads living. In the age following the coal period 
they were abundant, and the characteristic trees of the forests. The Coni- 
fers appeared long before the Coal age, and have constituted an impor- 
tant part of all succeeding forests up to the present day. 

The second embraces tlie Angio^pei-ms (an''-gi-o-sperniH, or Covered-seeded 
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TlarUn, The seeds are inclosed in seed vessels. All the £xogenS| except 
the Conifers and Cycads, are included in this division. 

The AngiospermSy as Magnolias, Willows, Walnutp, Maples, Oaks, 
Pbplars, etc., first appeared, with the Palms, in the later formations. 



IV. — The Geological Theory of the Earth. 

220. The Fiery Earth. — The earth was once a ball 
of fire, like the sun and the fixed stars — a globe of 
melted, liquid rock. As a consequence, it has ever 
been a cooling body. This, at least, is the theory 
of geologists, and they have good reasons for enter- 
taining it. Even now an auger could not anywhere 
penetrate its comparatively cooled exterior a few thou- 
sand feet without reaching heated rocks. 

221. The water from the deepest Artesian wells — wells made by 
boring, and from which the water flows spontaneously like a fountain — is 
too warm for ordinary drinking. The deepest mines have a high temper- 
ature. The multitude of volcanoes ; the melted rock ejected through fis- 
sures; and the formation of dikes (pp. 61, 69) ; earthquakes; the phenomena 

of hot springs; the metamorphism of rocks (p. 61); the folding and crump- 
Ung of strata (p. 76) — all point to the probable existence, at the present 
time, of fire-seas below, as well as to the liquid and fused condition of 
the entire earth in the unmeasured past. 

222. The Crust. — The original liquid globe, by slow 
cooling through very long time, began finally to form 
a crust. This was at first thin and fragile, and easily 
broken up by the fiery billows. It formed again, 
was broken and reformed, again and again. At 
length, as the cooling proceeded, the crust became 
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more stable, and the first rocks were made. These 
were crystalline and unstratified; perhaps chiefly granite. 

223. Ii^ ^^^ meantime the surface cooled enough to permit the 
watery vapors, hitherto, in som4 form, a part of the atmospheric envelop^ 
to condense and cover the earth. Thus the ocean appeared, which at once 
began the work of making stratified rocks. The waters, still hot, by wear- 
ing and denuding the first rocks, strewed the sand or mud resulting over 
the submerged exterior, covering and concealing the worn surfaces of the 
first granites, or whatever they were, with stratified layers. 

224. Thus was the first set of strata formed, 
and, having been deposited and consolidated in hot 
waters, they were doubtless crystalline. And these in 
turn, worn and washed by the waves, supplied new 
sand and mud for new layers, beneath which they too 
were more or less buried. And this continued until 
thousands of feet of strata were in some places 
piled up. 

225. Land and Life. — While this was going on, the 
continents and the ocean beds began to be outlined; 
limited areas of the rocks rose abovo the waters, and 
the dry land appeared ; the heat was diminished, and 
plants, soon to be followed by animals, were seen — 
the first introduction of life by the great Creator. 
This marks an epoch — a distinct day. Now began 
the making of the fossiliferous or fossil-bearing rocks, 
which continued through long ages. 

226. The SequeL — As the sequel to what has been said, let the 
reader add the account of the "Origin of Tennessee Rocks" (p. 59), the 
starting point of which dates from this time; also, and more especially, 
the paragraphs on pages 76 and 77 bearing on the potion, folding, and de^ 
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wUimi of the strata^ as well as the paragraphs under Denudation, com- 
mencing on page 85, which treat of the erosion and wear of strata, and of 
the aculpturing they have undergone in the production of the present sur^ 
face. 

227. The Central Mass of the Globe not Liquid. — 
We have spoken of the cooling of a liquid globe, 
and the formation of a solid crust at its exterior. 
It must not be inferred from this that we believe 
the whole interior to be now in a melted, liquid state. 
It is probable, indeed, on account of the immense 
pressure existing, that solidification began first at the 
centre. 

The great mass of the earth within may be solid, 
though more or less heated. If so, then between 
this inner solid part and the crust lie great fire-^eas, 
or lakes of melted rock. 

228. Thickness of the Crust. — The thickness of the crust 
of the globe is not known. The estimates vary from 40 to 100 miles. In 
boring Artesian wells (p. 103) the temperature of the rocks (after passing 
the limit to which the heat and cold of the seasons penetrate) increases 
at the rate of about 1° for every 50 or 60 feet of descent. At a depth of 
about 8,000 feet, the rate of 1® for 50 feet would give heat enough to boil 
* water, and at 28 miles heat sufficient to melt iron. But pressure has much 
to do with the melting of substances. A temperature sufficient to melt 
hron or rock at the surface would fail to do so at a considerable depth ir 
the earth. 
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THE FORMATIONS. 



229. ^^ the last Part we studied the composition^ kind, and origin 
of the rocks ; what the strata are, and how they are disposed in the hills 
and. beneath the valleys. We studied also the fossils they contain, relics 
of plants and animals that lived, generation after generation, in ages 
gone by. 

Having this information, we are prepared to consider the ffreai forma" 
turns in which the strata are naturally grouped. And as each formation 
includes the strata deposited in an age, and as, like the ages, they follow 
in succession, this part of the work becomes a history. (See latter part of 
paragraph 68, page 41.) 

230. We shall first consider the classification of the formations, 
especially of those represented in Tennessee ; then, taking up each in suc- 
cession, observe the areas of the State within which they outcrop, learn 
their divisions, kinds of strata, and the characteristics of their fossils. 
To this will be added lists of the minerals and useful rocks occurring in 
each, the proper descriptions of which are reserved for Part V. 

What is understood by formation has been sufficiently explained in con- 
nection with the meaning of stratum, on page 4. See also page 72. The 
student is expected to review what is said on those pages with reference 
both to formation and stratum, and to be able to define them, and to state 
how they difier. 

(106) 
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CHAPTER X. 
Classification of the Formations. 

231. Ages and Periodd — the Great Formations and 
their Sub-divisions. — Reference has been made several 

times to ages, but we must be more explicit. Past 
time is divided into cycles, called ages, all of very- 
great, but not of equal, length. During each age a 
great formation was made, there being as many forma- 
tions as ages. One of the cycles is, for example, 
the Silurian age, and, during its long lapse of years, 
a vast pile of strata was built up, which has been 
named the Silurian formation. 

232. All the ages of past time, commencing with 
the origin of the earth^s crust and the first appear- 
ance of rocks, and extending down to the present 
day, are divided, with the exception of the first, into 
three or more periods. Each of these periods has 
its corresponding minor formation. We have, for ex- 
ample, among the Silurian periods, of which there are 
seven in number, a Nashville period, and a correspond- 
ing Nashville foi^mation, the first being the time, dur- 
ing which the series of strata was deposited; the 
second, the name of the series itself. 

233. The Section of Formations. — In the sections, or rather 

in the two parts of a section, on the next two pages, are represented (com- 
mencing at the bottom of the page, with the lowest and oldest, and as- 
cending in order to the uppermost,) the formations of the globe with theu 
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I 



Hand. 
<) Flatar; 



(i) Kottcn Limo- 
a) CoffeoSnnil. 



coTTeai>onding ages, periods, etc. (Each fonnation, it will be recollected, 
and its corresponding age or period, have the same name.) It would be 
better if the two parts referred lo could have been so arranged as to make 
a single unbroken column on one page. But thia was not practicable. 
The student must suppose the one on this page lo be placed immediatel; 
on the other, the word THaxtic cnming juat above Permian, and the shaded 
part and vertical linea of both being continuous. The shaded part repre- 
Mhts the different atrata. 

In this section (for tlje two parts make a single section) the student 
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can at once see the names, the namber, and order of succession of the 
ages and iieriods, and of their corresponding formations. 

234. On the left of the section the ages are grouped into grand di- 
visions called Times. The first, the Arehcean time, embraces but one age ; 
the second, the Baleozoic time, three ages ; the third, the M&wsoic, one and 
the fourth, the Cenozoief two ages. 

The word Paleozoic is from the Greek, and means andeni life, hence 
Paleozoic time signifies Time of ancient life. In the same way Mesozoic time 
signifies Time of middle life ; and Cenozoic time^ Time of recent life, 

235. Those of the formations or divisions occurring in Tennessee are 
indicated in the right hand column. If a formation is found in this State 
its name is given ; if not, its absence is indicated by the dotted lines. 
In some cases Tennessee names have been preferred, as, for example, Naeh^ 
vilU in the place of Trenton. 

236. Geologists have recognized seven ages (and as 
many corresponding great formations), the names of 
which are given in the section. The leading charac- 
teristics of the ages and of their formations and rocks 
are added below. The most important are dwelt upon 
briefly, as they will receive due consideration hereafter. 

237. (1.) Archaean Age. — The beginning age; Ar- 
chcean comes from the Greek for beginning. During 
this era the Archaean rocks were made — the first rocks 
of the earth^s crust. So far as they can be seen, 
which is only in limited areas, as all that is Archflean 
is for the most part buried beneath later formations, 
these rocks are principally granite, syenjrte, gneiss, mica, 
and hornblende schists, slates and granular limestone, 
with hard conglomerates and sandstones. The gran- 
ites and syenytes are unstratified. The others, which 
are the rocks mostly to be seen, occur in strata, and 
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these are generally inclined^ and more or less folded, 
giving evidences of the disturbance to which they 
have been subjected. There was no life in this age 
excepting perhaps near its close. 

238. The principal outcrop of these rocks, in North America, is 
ioand in Canada and the northern part of the continent. They form there 
a great tract of surface, having the shape of a bent arm, the elbow resting 
on Lake Superior, and the arm embracing the region of Hudson's bay. 
This was the first land of North America, and a nucleiLs to which the other 
portions of the continent, in after ages, were added in succession. 

239. Archaean rocks do not appear at the surface 
in Tennessee, unless the rocks of one or two small 
patches, on the North Carolina line, are of this age. 
One of these is the region of the ^' Bluflf in Cocke 
county, where the newly-named rock, unahyte, is found 
associated with protogine. (See pp. 67, 68.) The Ar- 
chsean age of these rocks is yet doubtful. They may 
still be considered as belonging to the succeeding age. 

240. (2.) Silurian Age, or Age of Invertebrates. — 
An era when shell-making Mollusks and coral-making 
Radiates, with Crinoids and Trilobites, flourished in 
the oceans. The animals were almost wholly Inver- 
tebrates. Toward the last Fishes began to exist. Salt 
waters covered the continents, with the exception of 
the limited Archaean tracts. 

241. ^c rocks made during this era are conglomerates, sandstones, 
shales, limestones, and dolomites. In some sections these have been 
-changed into metamorphic rocks (p. 61), and are now quartzites, {^nessoid 
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rocks of different kinds, Bchists, slates, etc. Several strips of Silurian 
metamorphic rocks are found in the mountains bordering North Carolina. 



242. The strata of the age are divided into two 
grand divisions, which are known as the Lower SUu- 
nan and the Upper Silurian formations. The latter 
we shall find to be the most important group of 
strata entering into the geological structure of Ten- 
nessee. 

243. (3.) Devonian Age, or Age of Fishes. — This 
is a portion of time succeeding the last, and much 

like it in many respects. The Invertebrates still 

flourished, but Fishes were the masters of the seas. 

There was more land, and this began to be covered 

with plants and trees. 

244. ^he rocks are about the same as those of the last age. In 
New York, Pennsylvania, and other states, they make a great series of 
strata, but in Kentucky, Tennesse, and Alabama, the strata are few and 
thin. In Tennessee the series, so great at other points, is represented by a 
single stratum, known as the Black Shale, rarely over 100 feet in thickness. 

245. (4.) Carboniferous Age, or Age of Coal-Plants* 
This was an era of extensive lands, often submerged, 
upon which grew successive forests of trees, and 
smaller plants — Ferns, Lycopods, Equiseta, and Coni- 
fers (p. 102). These, in decaying, formed beds of 
vegetable matter, which ultimately changed to coah 
To the kind of animals already mentioned as living 
in previous ages, were added Frog-like and other in- 
ferior Reptiles. 
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246. The strata formed were limestones, conglomerates, sandstones, 
•nd shales, with the addition of beds of coal. In Tennessee the rocks of 
the Cumberland Table-land, and also of the Highland Bim, belong to 
this age. The formation is an important one, and will receive attention 
in the proper place. 

247. (5.) Reptilian Age, or Age of Reptiles. — 
This age is remarkable for the number, variety, and 

size of the Reptiles that lived during its continuance. 
Never before, nor since, has there been such a dis- 
play of Reptile life. The plants called Cycads (p. 
102), as well as Conifers, abounded in the forests of 
this reptile time. 

248. 1^® strata originating in the era are sandstones, limestones, 
etc., like those of the previous ages, but often less hardened. 

The Oreen Sand or Shell Marl of McNairy and Henderson counties, in 
West Tennessee, and the ^^RotUn lAmestone " of Mississippi and Alabama, 
are representatives of this portion of past time. 

249. (6.) Mammalian Age, or Age of Mammals, 
or the Tertiary Age. — Here follows an era during 

which the Reptiles wane, and Mammals, numerous and 

varied, many of extraordinary size, some fierce and 

destructive^ become the lords of creation. There were 

Horses, Tapirs, Deer, Camels, Squirrels, Rhinoceroses, 

Elephants, Mastodons, Wolves, Tigers, Panthers, strange 

animals called Titanotheres, Dinotheres, and Dinoceres, 

etc., all of which, though in most cases related to 

our living animals, or belonging to the same tribes, 

are extinct or lost species, and only known to us 

through their fossil skeletons and bones. 
8 
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250. ^® continents were more than ever out of the sea. Thej 
put on a new and modem appearance ; the animals remind us of living 
forms; the forests had none of the odd trees characteristic of the coal era; 
they contained Oaks, Poplars, Maples, Hickories, Dogwoods, Sycamores' 
Willows, etc., which, though not of the species existing, yet were so much 
like them as to give the forest a familiar aHi)ect. 

251. "^^^ rocks formed in the era are to be seen around the borders 
of the continents or in basins once occupied by Tertiary waters. They 
are the ordinary sandstones, limestones, shales, etc., though often uncon- 
solidated, and merely stratified beds of sand, clay, or calcareous mud. 

252. Most of the strata of West Tennessee are products of this age. 
The northern extension of the Gulf of Mexico, referred to in paragraph 
119 (pp. 59, 60), was the arm of the ocean in both Reptilian and Mam- 
malian time. From these waters the sands and clays were deposited. 

253. (7.) Age of Man, or ftnarternary Age. — In 
this Man appears — the crowning work of creation. 

In the first part or first period of this age, the 
northern portions of the continents, more elevated than 
noWy were covered with wide-spreading and slowly- 
moving streams of ice, called glaciers (pronounced gla'- 
seers), which scoured out valleys and shaped the sur- 
face. 

264. In the second period of the age the same 
lands were brought down to a low level; the glaciers 
melted away and left much of the surface strewed 
with the gravel and sand formed by the ice; and the 
valleys were further filled with alluvial beds. 

265* 1^^® gravel and sand thus formed are known in geology as the 
Drift. This still covers large areas of the states north of the Ohio river, 
South of the Ohio not so much is seen, yet in the Valley of East Tennee- 
gee, and especially in the western part of the State, there are superficial 
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^heds of gravel and sand which belong to the Drift, and constitute the 
formation called, in Tennessee Geology, the Orange Sand. 

256. li^ this period also the climate was warm. The Mammals, so 
prevalent in the last age, reached their culmination ; Bears, Hyenas, Ti- 
gers, Lions, etc., many of them larger than the species now living, made 
caves their dens; while huge Elephants, Mastodons, Sloth-like beasts 
(Megatheres), with Wild Boars, Horses, Oxen, and numerous other Quad- 
rupeds, roamed over the lands. Some of these Mammals belonged to 
species which still have living representatives Many of the kinds are 
extinct. The Invertebrates of all kinds, as well as the plants, were the 
same in species as those now living. 

257. In the third and last period the continents 
rose slowly to their present level; each great river 
washed out of the alluvial matter, with which the 
valleys had been filled, deep and deeper beds, in suc- 
cession, leaving along its borders a series of beautiful 
terraces. Such terraces, covered with orchards and 
fields of grain, may be seen from the deck of a boat 
on the Ohio, and many other northern rivers, rising 
in st^ps from the bed of the stream back to the hills. 
^See the top part of the general section, page 109, in 
which terraces are represented.) 

268. These periods of the Quarternary age have 
received special names. The first is the Glacial; the 
second, the Champlain; and the third, the Recent, or 
Terrace period. See also the general section. 

269. Tennessee Formations and the Geological Map. — 
Confining ourselves to Tennessee, the great formations 
of the State are enumerated below, and some of their 
leading characteristics noticed. The principal descrip- 
tions will follow in the next chapter. The student 
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will be much assisted in understand- 
ing what is said about them^ both 
here and elsewhere, by referring 
to the map on the opposite page. 

260. ^h^ i^&P shows the areas in which 
the formations respectively outcrop at the sur- 
face, and by comparing it with the map on 
page 9, it will be seen that most of these areas 
are nearly identical with the surface divisions 
of the State. On this page is a correspond- 
ing section of the formations, extending from 
North Carolina to the Mississippi river, 
through Knoxville, Nashville, and Jackson, 
and exhibits, in a general way, the relative 
position, dip, and manner of outcrop of the 
strata. 

The formations are numbered both in the 
map and section as below. The two main di- 
visions of the Silurian, on account of their im- 
portance, are considered as great formations. 

261. I. Lower Silurian. — A vast 
series of strata the outcrops of 
which form more than one-third 
of the surface of the State, in- 
cluding all the surface of the Unaka 
.E>ange, and very nearly all of that 
of the Valley of East Tennessee 
and the Central Basin. 

The surface formed by the out- 
crop of these strata is indicated, on 
the map, by horizontal lines. 

262. The entire thickness of these strata, 
measured directly throuuh from top to bottom. 
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is, in this State, about 21,000 feet, or nearly fawr mUeSj which is three- 
times greater than the aggregate thickness of all the other formations of 
Tennessee pat together. If the strata were piled up in horizontal layers,, 
and their edges exposed in a vertical wall, they would make a bluff four 
miles high. 

The kinds of rocks of the Tennessee Lower Silurian, including the 
Metamorphic, are the same as those mentioned (p. 11) in paragraph 240, 
under Silurian Age. They are mainly hard, siliceous, and mountain-mak- 
ing strata in the lower and greater part, and softer calcareous and shaly 
strata in the upper. The different members of this great group will be- 
described hereafter. 

263. II. Upper Silurian. — The strata of this 
formation outcrop within comparatively small areas of 
the State. It consists of four members^ but^ including 
all these; it is only about 1^300 feet in thickness* 
Its rocks are sandstones^ shales^ and limestones, with 
a few thin beds of the iron ore called dyestone. 

The outcrops of the Upper Silurian rocks are in- 
dicated on the map by the short lines, or broken 
lines, which have generally a diagonal direction. The- 
greatest area in which the rocks appear at the sur- 
fece is in the Western Valley. 

264. III. Devonian. — ^The only representative of 
this formation in Tennessee is, as before stated, the- 
Black Shale — ^a stratum of very dark, bituminous shale^ 
rarely more than 100 feet in thickness, and generally 
much below this. In paragraph 169, page 75, it is- 
described, and its outcrops given. On the map the 
outcrops are shown by the dotted lines. 

265. IV. Carboniferous. — ^This great formation ia 
well developed within the State. It has four mem- 
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bers or sub-divisions, and an aggregate thickness of 
about 3,700 feet. The lower third, embracing three 
members, is a calcareous division, the strata being 
comparatively pure limestone, or (at the base) a coZ- 
cqreo-siliceous rock, by which is meant a rock made 
up of both limestone matter and siliceous, or cherty, 
matter. The upper two-thirds is a sandy division, and 
is especially characterized by the presence of bitumin- 
ous coal. The division consists of many strata of sand- 
stone, with which beds of shale and coal are inter- 
stratified, the whole series constituting the coal measures. 



266. The carboniferous strata are, as observed in paragraph 246, 
the surface rocks of the Higliland Bim and the Cumberland Table-land. 

Referring to the map, the area marked with vertical lines (IVa) has 
for its outcropping or surface rocks the calcareous division of the Car- 
boniferous, and that printed black (IV&), the upper sandy division or the 
coal measures ; the first is the area of the Bim, the latter that of the 
Table-land. 



267. V. Cretaceous. — ^This is the third and up- 
permost division of the Reptilian age, and its only 
representative in Tennessee. The Cretaceous forma- 
tion consists of beds of sand in its lower part, a 
gray or greenish calcareous stratum, more or less clayey 
and sandy, known as Green sand or Rotten limestone 
(paragraph 248), in its middle part, and sands and 
laminated clays above, the thickness of the whole 
being approxinfliately 1,000 feet. The group is con- 
fined to West Tennessee. The area within which it 
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comes to the surface is indicated on the map by lines 
sloping to the right, and is numbered V. 

268. VI. Tertiahy. — The beds of this formation 
are sands and laminated clays, with occasionally a local 
layer of the kind of coal called lignite. The esti- 
mated thickness of the group is 900 feet. It forms 
a large part of the surface of West Tennessee. Its 
area (VI) is represented on the map by lines sloping 
slightly to the right. 

269. QuARTERNARY. — The Quarternary is a group 
including the sands, gravels, loams, alluvial . beds, etc., 
which, where existing, overlie all other strata. The 
deposits of gravel, sand, mud, shells, etc., now form- 
ing in the rivers and elsewhere, are included in this 
group, but many of the beds were made long before 
modern time, as the phrase is understood in human 
history. 



I 
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CHAPTER XI. 

The Older or Paleozoic Formations of Tennessee. 

270. The last chapter was devoted more especially to the classifica- 
tion of the ages and formations. In the first part of the chapter these 
were considered mainly with reference to the earth at large ; then, com- 
mencing with paragraph 259 (p. 115), the names, general characteristics, 
and a map of the great formations occurring in Tennessee were given. It 
remains to study the latter formations more in detail. 

271. By referring to the part of the general section on page 108, 
it will be seen that four of the formations, namely, the Lower SilurioLn^ the 
Upper Silurian^ the Devonian, and the Carboniferous, are included in Pateo- 

wic time. They may, therefore, be considered together in one chapter. 

The strata of these formations are comparatively of great importance ; 
they make up the great bulk of the rocks of the State, and, as may be 
seen on the map (p. 116), they outcrop (or would outcrop if the soil were 
removed), over more than three-fourths of its area ; in them also are found 
most of the ores and minerals, all the true coal, marble, cement-limestone, 
etc. 

272. The Time within which these strata were deposited is called 
Paleozoic, because the animals and plants, which lived during its long 

' ages, were mostly different in kind from those that existed in the succeed- 
f ing Time, and especially from those living now. During these ages, but 
not existing in succeeding ages, the tribe of Trilohites (p. 98) swarmed in 
the seas. The figure (28) on next page represents one of these old-tim^ ani- 
mals. It belongs to a genus called Paradoxides, some of the largest of 
which were twenty inches long. Other Trilobites are represented on pages 
99, 127 and 000. Besides these, the old-fashioned Mollusks, called Brachi- 
opods (pp. 97), and, in the latter part of the time, the Ganoid fishes 
(pp. 100, 101) were abundant, both tribes of which are now nearly extinct. 
8o with many other families of animals and plants, though some whicl* 
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are plentiful now began their exislence then, at the Siaikt among aoimiJ^ 
and the Rna and Fernt among planle. 

273. 1' ">" ^ observed that we do not include »ixj Ardueaa rockt 

in the T>rnneMee wrira of formalinnB. See paragraphs 238 and 239 (p. 

111). In Canada the Arcbcan strata 

P''- ^- have the great thicknem ol 40,000 feet, 

and are divided into two formationa a^ 

follows: the Laurentitm, the lower Hid 

the older 30,000 feet thick, and the ffit- 

an, the opper 10,000 feet. The place 

of thin vaat aeries is below our lowest 

outcropping rocks. They maj be a part 

of the deep unseen fonudadon apaa 

which oar own fonnstions rest. 

I. — The Lower Sildbian 
Formation. 
274. This great series of 
strata has been briefly de- 
scribed in paragraphs 261 and 
262 (pp. J 17, 118). It is 
this which gives so much bulk 
to the Paleozoic rocka. 
275 Snb-diTliioiu. — ^The Lower Silurian strata of 
Tennessee are grouped into six divisions or minor 
formations as follows : 




(1.) The Ocoa Qroap—A. mass of moantain-tnaking conglomeralea 
hmI slatet, 10,000 feet in thicknees. 

(2.) The ClaUioiive Sandatoat — Moetl; a hard, whitish.grsj' Bsndstone, 
resting npon the last; also mounlain-making, and 2,000 feet thick. 

(3.) The Knoi (Tnmp— The moat important series of rocks in the Val- 
ley of East Tennessee. It has three Hub.di visions: (a) Torugated mid- 
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tione8f at the bottom, 1,000 feet in thickness ; (6) soft variegated shaleSf 2,000 
feet; and (c) heavy beds of dolomyte and limesUmCf 4,000 feet. 

(4.) The Lenoir Limestone — A blue soft limestone, 500 feet thick. 

(5.) The Lebanon Group — Limestones and marbles resting upon the 
last, and not always easily separated from it ; from 200 to 600 feet thick. 

(6.) The Nashville Group — Calcareous shales and blue limestones, from 
500 to 2,000 feet in thickness. 

276. By referring to page 108, it will be seen that the first two of 
these Tennessee divisions belong to the Primordial period ; the next two,, 
to the Canadian ; and the upper two, to the Trenton. 



277. (1.) The Ocoee Group (or Acadian). — This is 
the great formation of the Unaka Range. Its area 
of outcrop is represented on the map (p. 116) by the 
shaded belt, or belt of thickened horizontal lines, ly- 
ing along and touching the North Carolina boundary. 
It consists of a great thickness (10,000 feet, as stated) 
of hard conglomerates alternating with greenish, bluish^ 
gray, and dark slates. All its rocks have been more 
or less changed by heat, or are aemi-metamorphic (p. 61). 
The slates are, to some degree, talcose, and sometimes 
chloritic (p. 58). Dark roofing slates also occur among 
them. 

278. 1^® group is named Ocoee for the reason that its strata ar& 
grandly exposed in a deep, wild, and truly magnificent gorge, twelve 
miles long, which the Ocoee river has made in passing the Unaka Bange. 
This gorge, or grand cut, is in Polk county, and the road to the copper 
mines of Ducktown passes through it. It is one of the cuts spoken of in 
paragraph 36 (pp. 26, 27). Other cuts also present splendid sections 
of the Ocoee rocks. The strata of the group are generally much folde<> 
«nd inclined. 
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279. Passing in an easterly direction^ we find that 
along a line, nearly parallel with the Tennessee and 
North Carolina boundary, the rocks of the Ocoee 
group become wholly changed (metamorphosed) into 
gianite-like rocks, gneiss, and slates of the micaceous 
and hornblendic kinds (pp. 66, 68). The line separ- 
ating these changed rocks from the half-changed con- 
glomerates and slates, is sometimes in Tennessee and 
sometimes in North Carolina, crossing the boundary 
at intervals. Thus it happens that Tennessee has 
several strips of these granite-like rocks within its 
borders. One of these is the Ducktown copper re- 
gion, in the south-eastern corner of the State; an- 
other is in Cocke county; and a third, the longest 
strip of all, commences in Greene county, and ex- 
tends through Washington, Unicoi, Carter, and John- 
son, to the Virginia line. The great mountains in 
these counties, along the summits of which the State 
boundary runs, are made up of the changed rocks. 

280. (2.) The Chilhowee Sandstone (or tlie Potsdam). 
Resting upon the last we have the Chilhowee Sandstone, a 

mass of gray, often light-colored sandstone, 2,000 feet 

thick. The layers are generally heavy-bedded, but 

interstratified, thin, sandy shales are sometimes met 

with. This is the formation of Chilhowee mountain, 

and of the other mountains making the interrupted 

line called the Chilhotoee Range (paragraph 34, pp. 

25, 26). 

281. These mountains are obscurely indicated on the map (p. 116) 
by the detached shaded parts of the 'Unaka region. The one south of 
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Knoxyille is Chilhowee mountain. The map on page 9 shows these skirt- 
ing mountains more distinctly. To these the formation is mostly confined. 
But few fossils are found in the Chilhowee strata. They abound, how- 
ever, in curious straight rods, of the same material as the rock itself, not 
as large as pipe-stems but larger than wheat-straws. These rods belong 
to a genus called ScdithuSj and are the fillings of worm holes made in the 
sand before it became consolidated. 

We now pass from the hard mountain or Unaka 
strata to the upper, more or less calcareous, divisions 
of the Lower Silurian. 

282. (3.) The Knox Oronp (Calciferons and dnebec). 
The rocks of the Knox Group (so called from Knox 
county and Knoxville) are confined to the Valley of 
East Tennessee, with the exception of a single small 
area on the Cumberland river, about 55 miles north 
west from Nashville, known as the WelPs Greek Basin, 
and noticed below. They are of great importance in 
the Valley of East Tennessee. The rocks of very 
many of the valleys, coves, ridges, and plateau-areas, 
wild and cultivated, of this division of the State, 
making by far the larger part of its area, belong to 
this group. 

283. The group is a triple one, having, as already stated, three di- 
visions, as follows: (a) variegated sandstoneSj (6) variegated sKaUSf and (c) a 
great thickness of dolomytes and limestones. We designate these respectively 

as (a) Knox Sandstone, (6) Knox Shahj and (e) Knox Dolomyte, The thick- 
nesses of the several divisions have been given on page 123, in which, it 
will be seen, they are quite unequal. The thickness of the entire group 
is 7,000 feet. All the divisions are more or less calcareous; the Sandstone 
often contains interstratified layers of dolomyte and calcareous shale, and 
the Shale is generally calcareous. 
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284. (a.) The E^nox Sandstone (the Calciferons in 
New York and Canada). — This division^ found princi- 
pally in narrow, sharp ridges, consists of sandstones 
of different colors, with some shales, and, as stated 
above, layers of dolomyte. The layers of sandstone 
are reddish, brown, gray, greenish, etc., and some of 
them very hard. The formation is of little impor- 
tance so far as soil and agricultural character are con- 
cerned, but in some parts of the Valley of East Ten- 
nessee its rocks have had much to do in shaping the 
face of the country. Its hard sandstones have re- 
sisted the denuding forces, and have been left in char- 
acteristically sharp, roof-like and straight ridges, which 
we call Knox Sandstone ridges. 

285. Such are WebVs {or Rosebury's) ridge, a few miles west ol 
Knoxville, the so-called Bay9 Mountain forming the south-eastern bound- 
ary of Knox county, as well as Beaxer, BvU Run and Pine ridges in the 
western and north-western part of the Valley. These ridges are some of 
those referred to in paragraph 46, page 30. 

The surfaces of the rocks of this division often show fossil sea-weeds 
in abundance. 

286. (5.) The Knox Shale (ftnebec). — The Knox 
Shale is the formation of many long, beautiful, and 
generally rich valleys in East Tennessee. It is a 
group of variegated, brown, reddish, buff, and green 
clay shales, which are usually calcareous, and some- 
times pass into limestones banded with clayey seams. 
It often contains layers of blue oolitic limestone, or 
oolyte (p. 63). Its thickness has been placed at 2,000 
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feet. HadisoDville, Cleveland, and Rogers ville are in 
good part located on this formation. 

287. Iq the north-eastern part of the Valle; of East Tennessee the 
threefold character of the Enox Group is not go well marked as in the 
western and sourthern parts. The sandstone division loses much of its 
distinctive character, and the shale becomes more calcareous. 

288. Fosflil shells ^id trllobites are found in some of tlie layers of 
the Knoi Shate, especially in the limestone layers. The figure (20) on 
tliis page shows some of the forme of trilobites found in this formation. 




The cuts a and b are respectively the head and toil pieces of one which 
has been called Salhyurus Saffurdi. The head a, however, is not complete. 
The cut c is the tail piece of one called Ampkum Barramlei, and d is the 
entire animal of Bi^hyurdltn miidta. 



289. (c.) Tlie Enox Dolomyte (also Quebec). — Fol- 
lowing the Shale we have this division, the most im- 
portant of the Knox Group. With a thicknesa of 
4,000 feet, it is by far the most massive calcareous 
-formation in the State, Its strata are the rocks of 
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namerous ridges^ as well as valleys, coves, and otber 
areas in the Valley of East Tennessee. 

290. The division consists of heavy-bedded layers 
of blue and gray dolomyte and limestone, the blue 
color prevailing in the lower part, and the gray in 
the upper. At the base the rocks are often oolitic 
in structure, contain trilobites, and are much like the 
bhie oolitic limestone found in the Shale. The two 
divisions, in fact, run together; the blue limestones 
at the base of the upper one begins, in descending, 
to be interstratified with layers of shale, which be- 
come more and more predominant until the Shale is 
reached. 

Fig. 30. 
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291. In its middle and upper part the Knox 
Dolomyte contains layers and masses of chert (p. 45). 
By the dissolving away of the dolomytes and lime- 
stones (an action which has been going on for hun- 
dreds of years), much of this chert, which does not 
dissolve like the strata enclosing it, has become free, 
and its angular fragments make a gray gravel that 
covers many ridges and knobby regions. This gravel 
forms many excellent roads. At some points large 
blocks of the chert are worked into millstones. 

292. '^^^ section on this page (Fig. 30) illustrates the character of 
the rocks and how they lie at Knozville, and for a few miles to the north* 
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west of Knoxville. It commences at Webb*8 ridge (W), extends through 
the ridge, M, and through Knoxville to the Holston river at H, a distance 
of about three miles. The strata, 6, upon which the greater part of 
Knoxville rests, belong to the Knox Dolomyte. It will be seen that they 
form a ridge. 

From the line F on the left of the cut to T we have a section showing 
the Knox Group and its three divisions. The dotted bands under W rep- 
resent layers of the Knox Sandstone. These form the sharp Webb's ridge, 
one of the Knox Sandstone ridges (paragraph 285). Under P we have 
the Knox Shale, outcropping in a valley (Poor Valley). Under M are 
the rocks of the Knox Dolomyte. From T to the right hand F are rocks of 
higher formations, Lenoir^ Lebanon^ and Nashville, F and F are faults 

(p. 81). 

The ridge M and the Knoxville ridge have the same formation. The 
first is called sometimes Flint ridge, on account of the abundance of loose 
chert upon it. These belong to the class of broad ridges noticed in para- 
graph 45, page 30. 

293. Some of the Knox Dolomyte ridges are mentioned in the par- 
agraph just referred to. Others are Wallin^s ridge in the eastern part of 
Claiborne county, Chestnvi and Big ridges (really parts of the same ridge) 
in Sullivan and Greene, and Missionary ridge east of Chattanooga. There 
are several of the same kind l)etween Cleveland and Benton, the latter 
place being situated on one of them. Benton, Mary ville, and Dandridge 
are on the same Knox Dolomyte range or ridge. An ill-defined ridge of 
this class extends from Greeneville to Newport, the former place being on 
its south-eastern side, and the latter on its north-western. Another of like 
character reaches from Russellville to Virginia, running between Rogers- 
ville and the Holston. 

Just west of Washington, in Rhea county, is a wide range of Knox 
Dolomyte, which runs parallel with the eastern base of the Cumberland 
Table-land. There is also a wide one in Campbell and Claiborne coun- 
ties. West of Decatur is one which, in its northern extension, lies on the 
east side of Kingston, etc. 

The Knox Dolomyte is the formation of Blountville and Jonesboro, 
of Morristown, Mossy Creek, New Market, Loudon, and Charleston, ana 

9 
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Id part of Taiewell, EingBton, and Chattanooga. It outcrops extensiTely 
in Seqaatchee Vallej. Pikeville and Bridgeport are upon it. 

294. The Wells Creek Basin. — ^The Knox Group is only 
seen, aa we have stated, in the Valley of East Tennessee, excepting within 
the Wells Creek BcLsin (paragraph 281). This curious basin lies on the 
south side of the Cumberland river, in the eastern parts of Stewart and 
Houston counties. It has an oval form, and includes an area of six or 
seven square miles. Its existence is due to the uplifting of the strata in a 
high dome, the top of which has been worn and washed away. The up- 
lifting of the strata and the subsequent washing or denudation have been 
sufficient to expose the upper gray part of the Knox Dolomyte. 

29d. ^^ ™^7 ^ stated here, once for all, that in this basin the other 
formations outcrop in rings around the Knox Dolomyte very much as the 
layers of an onion outcrop on a fresh surface made bv cutting off a slice. 
The Silurian strata and the Devonian Black Shale make the floor of the 
basin, and these are inclosed in a circle or hiUy rim of carboniferous 
limestone. 

The carboniferous rocks outcropping along the Cumberland river, for 
several miles both above and below the Wells Creek Basin, are very much 
disturbed, and dip at various angles. 

296. (4.) The Lenoir Limestone (Chazy, in New 
York an^ Canada). — This name we give to a stratum 

of blue shaly limestone which lies next above the 
Knox Dolomyte. It is well exposed in a quarry in 
front of Lenoir^s Station on the East Tennessee and 
Georgia railroad, hence the name. Its greatest thick- 
ness is 600 feet. 

297. In the north-eastern part of the Valley, or 
in Cocke, Greene, Washington, Carter, and Sullivan 
counties, it is much reduced in thickness, often to 
100 feet. It also becomes more compact. In the 
western part, that is the part of the Valley next to 
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the Cumberland Table-land, it is not separated from 
the overlying limestone of the next formation by any 
well marked characters. 

In the northern part of Jefferson county, and in 
the vicinity of Bull's Gap, it is often knotty in struct- 
ure, breaks up into small blocks, and abounds in frag- 
ments of trilobites. 

298. ^^^6 Lenoir limestones is well filled with fossil shells, corals, 
and sponges. They contain especially a large sea-snail (called Madurea 
magna), which is flat on one side, and frequently four and five inches 
across. On account of the abundance of this fossil the Lenoir limestone 
hears the name of the Maclurea limestoTie in the Keport on the Geology of 
Tennessee. 

299. This limestone may be regarded as an East Tennessee forma- 
tion. It lies along the eastern base of the Knox Dolomyte ridge upon 
which Knoxville is built. The depot at Strawberry IHains is upon it, and 
it may be seen filled with the big sea-snail at Kingsport, in Sullivan county. 

300. (5.) The Lebanon Group (Trenton).— The pre- 
vailing rocks of this group are blue and dove-colored 
fossil-bearing limestones. They are mostly thick-bedded, 
but thin-bedded flaggy strata occur. In the region 
of Knoxville they are gray, reddish, and variegated 
marbles. 

The formation belongs to both Middle and East 
Tennessee. Its strata are the bottom rocks in the 
"Central Basin — the first of the Lower Silurian ex- 
posed in this division of the State. They are 500 
feet thick, outcrop over a large part of the Basin^ 
and yield a strong and fertile soil. 
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301. One ol the thin-bedded or flaggy strata of the Lebanon Qronpi 
not far irom 100 feel thick, and called the Glade limtzttmt, is the rock ol 
Xh^ "Cedar ^adxa" of the Central Basin, npon which the noted cedar for- 
ests of this part of the State grow. 

303> I^^B rocke of the formation are well displaced about Lebamm, 
the county seat of Wilson, which circumstance has given name to the 
group. Other towns in the Basin located upon these rocks are Murfrees- 
boro, Shelbyville, Lewisburg, Wondburj, Campbellville in Giles, the 
lower parts of Colambia, Libert; in Smith, etc. The whitish gmj lime- 
stone on Carter's creek in Maury, moat of the blaffs of the Cumberland 
river, commencing just above Nashville and extending up at least as far 
u Carthage, are made up of Lebanon rocks. 

303. Passing to the Valley of East Tennessee^ 
we find the Lebanon rocke, closely associated with the 
Lenoir limestone below and the Nashville above, com- 
ing out from under the Table -land and outcropping 
in the minor valleys along its eastern base. They 
oocur also in all the blue limestone valleys nearly as 
fer as Knoxville, retaining pretty much the same char- 
acter they have in the Central Basin. 




304. In the sontliem part of tbe State before 
reaching the eastern base of the Table-land (here 
ciklled Walden's ridge, p. 32), they appear in Se- 
ijiiatchee Valley. See the section on page 87, in 
ii'lach the hand numbered V represents tbe Leba- 
non rocks, together with those of the Lenoir and 
NaahTJlle formations. 

305. In the vicinity of Knox- 
ville the Lebanon rocks become quitv 
different in character. Here the group 
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is mainly represented by heavy-bedded strata of mar- 
ble, altogether nearly 300 feet thick. 



This marble ie a yari^aled crinoidal and eoroRine limestone, much of 
it beautiful, and eitenaively quarried. (See part V.) Criaoidal limestone 
is defined in paragraph 205, pngea 95 and 96. A corailine limestone is 
eimilar, excepting that it is made up of coral inelcad of cri no id-f ragmen ta. 
The belt of marble runt lengthwise prettj well thrangh the middle of tlie 
Vallej of East Tennessee. 



Fie. 32. 




It is found as high as Hawkins county, and as far south a« McHinn 
and Bradley. On the eastern side of the Vallej the marble disappears, 
the Lebanon group blending with the Lenoir, and becoming thin and un- 
important. 

306. ^« toeVx of this group are well filled with foBsils. These 
are mostlj marine Mollnsks, Corals, and Trilobitea. Ifo remains of fishes 
or land animals are foand. In Figs. 31, 32, and 33, are representatiooi 
of some of the fossil forms met with and characteristic of the group. 



134 THE FORMATIONS. 

307. The Sailiville Gronp (Cinoinnati Group). — The 
rocks of this group outcrop extensively in both the 
Central Basin and the Valley of East Tennessee. In 
the Basin they are about 600 feet thick, and are 
tnainlv blue limestones, full of fossil shells, cnrali-, 




MoUunks. — ], 2. Cyrtolitea Trentoiiensis ; 3. CyrtoliteB compreases; i. 
Pleiirolomari.-t lenticularis; 5. MoroluHonia bidncta; 6. Murchigonia 
boilicinctii ; 7. Heiicotnma piunuUta; 8,9. Bellerophon bilobatus. 



It will be observed that the rocks within the Baain are limeatonee, 
making a series 1,000 feet in thickness, divided equally between the Leb- 
anon group and the one under consideration. 



308. In the western part of the Valley of East 
Tennessee the Nashville rocks preserve about the same 
features which they have in the Basin, excepting that 
t'ney include more shale. But in the eastern part of 
tlie Valley they become chiefly a great series of sandy 
calearemia ahaks nearly 2,000 feet thick. 

The formation in both East and Middle Tennessee 
is an important one, and gives the State some of its- 
best fa'Tming regions. 
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309. NaBliYille is built upon strata of this group, and hence the 
name the latter bears. It is also called the OiTicinnati group for a like 
reason, tlie hills about that city containing rocks which are the northern 
extension of the same beds. 

The following section of the strata, as they exist iii and about Nash- 
ville, will serfe to illustrate the general character of the rocks of the 
group. It commences with the lowest and ascends. 

(a.) Lebanon Group. The upper strata seen in the base of the hills in 
the vicinity of Mt. Olivet Cemetery, on the Lebanon turnpike. 
They may be studied in the valley of Mill creek, on the Murfi-ees- 
boro turnpike. 

(6.) Nashville Group; 

(1.) A stratum of blu^j sUiceoui or sandy limestonCy about 60 feet thick. It 
often weathers into shale, or shale and flaggy limestone. This is 
in the water under the wire bridge, but rises in going down the 
river, and may be studied in the blufi' below the railroad bridge. 
It outcrops in the suburbs of the city on the Murfreesboro road. 

The stratum abounds in a flat shell, about as large as a dime, 
belonging to the genus Orthis (0. testvdinaria), and for this reason 
has been called the Oithis bed. The shell is No. 8 in Fig. 34. 

(2.) Next above is a laminated light blue limestone^ 25 feet thick, often re- 
sembling a sandstone. It is, in fact, a hardened bed of limestone 
Band which has been drifted by water and arranged in thin layers, 
the sand in great part ground particles of broken shells. It is 
near the water under the wire bridge, and outcrops at various 
points about the city. The rock is easily quarried in smooth 
layers, and is extensively used for building purposes. It is the 
rock used in the construction of theT^apitol, and has been called 
the capitol limestone. 

(3.) The Dove Lvmestmie, A number of layers, 11 feet thick in all, 
most of which are compact, fine-grained, dove-colored limestone 
or marble. The dove-colored part is brittle, breaking with a shell- 
like fracture, but is a durable building stone. It may be seen in 
the blufl" under the wire bridge, in the bank of the river at the 
foot of Gay street, just beyond the water works, and at other points. 
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(4.) Then above are layers of the common kind, 25 feet thick. This di« 
vision is like No. 6. 



(5.) Besting upon the last is a remarkable bedot light yellowish-gray 
coarse limestone, made up in great part of the valves of a sea- 
muscle called Oyrtodonta (C. Saffordi). It is the cyrtodonta bed. 
It outcrops boldly in the bluff at the wire bridge as a single solid 
layer, 10 feet thick. It may be seen at the water works and else- 
where. 



(6.) This division embraces the upper rocks at the city. Its layers, in- 
cluding those of No. 4, are the common rocks of Nashville, and 
may be taken as the types of the rocks of the Nashville formation 
throughout the Central Basin. They may be seen outcropping 
around the capitol grounds, where they present a thickness of 120 
feet, also on college hill, at the water works, etc. When freshly 
quarried, the rocks are dark-blue, coarse-grained, often rouglily 
stratified, having more or less shaly laminse, and full of fossils. 
They weather generally into rough flaggy limestones, with some 
shaly matter, often liberating multitudes o: fossils, especially 
small corals. 

A bed of reddish marble exists in Franklin county at the top 
of the Nashville group. 

310. The first and lowest member of the section 
above, the Orthis bed, is a persistent one, and is seen 
at many points in the Central Basin. A good ex- 
posure is at Franklin in the bank of the river be- 
low the bridge. It also appears, at a low level, in 
the Western Valley (rf the Tennessee . river, in Hardin 
and Wayne counties. It outcrops in the bed and 
banks of the Tennessee river, and of several creeks 
in those counties, and is quarried and burned for 
making hydraulic cement. A fine exposure exists near 
Clifton on the bank of the Tennessee, at which point 
works for manufacturing cement are in operation. 
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311. We may add here that the Orthis bed is the only part of the 
Nashville group which retains its thickness in the region of Clifton. All 
above, so well developed at Nashville, is reduced to a rough bed of lime- 
stone and a bed of shale, both together hardly 40 feet thick. 

312. The following are some of the towns located upon rocks ol 
the Nashville Group: Gallatin, H&rtsville, Dixon Springs, Gainsboro, 
Franklin, the upper part of Columbia, Mount Pleasant, Pulaski, and 
Fayette ville. 

313. The change which takes place in the charac- 
ter of the Nashville rocks in passing from the west- 
ern side to the eastern side of the Valley of East 
Tennessee, has been mentioned in paragraph 308. 

On the western side these rocks, associated with 
•the Lenoir and Lebanon limestones (paragraph 303), 
and in effect making a single group with them, are 
the rocks of many long rich limestone valleys, as 
Beaver creek, Raccoon, Hickory, Big, PowelVs, and 
more to the south. Savannah, Tennessee, and Lookout 
valleys. On each side of Sequatchee Valley also is 
a minor valley in which these rocks occur. Includ- 
ing the Lenoir and Lebanon, as above, we find among 
the towns located upon them Tazewell, Jaclcsboro, Clin- 
^ ton, Washington, Decatur, Georgetown, and in part, Chat- 
tanooga, 

314. In the region of Knoxville the shale of the 
Nashville group is predominant, though flaggy lime- 
stones are still met with. Further east the mass be- 
comes almost wholly shale, including a few thin sand- 
stones, and rarely a thin layer of limestone. Thif 
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• 

shale, nearly 2,000 feet thick, as before stated, is cal- 
careous, sometimes sandy, has a sky-blue color when 
freshly quarried, and a yellowish, or a dull drab, or 
gray, when weathered. ^ 

• 

315. It is the rock of the reftiarkable knobby region or belt which 
commeDces at the Virginia line just above Kingsjiort, in Sullivan, and ex- 
tends nearly to the Hiwassee river in McMinn county. This belt of knobs 
widens out around the Bays mountain group of ridges, covering parts of 
Sullivan, Green, and Hawkins, and then rea6hes through parts of Jeffer- 
son, Cocke, Sevier, Blount, and Monroe to McMinn. SederviUe is within 
the belt, and Newport on the easteri* edge of it. The knobby belts between 
Blountville and Holston mountain are also made of the shale. 

316. There is another great knobby belt of this shale, west of the 
one mentioned, containg gray knobs like the other, but in addition long 
lines of red knobs. This belt commences in the region of Strawberry 
Plains, extends through Knox county, the western parts of Blount and 
Monroe, through McMinn and Bradley, nearly or quite to the Georgia 
line. The principal line of red knobs is referred to on pages 30 and 31, 
commencing at the bottom of 30. 

317. The lines of red knobs are primarily due to the presence in 
the shale of several beds of a hardy dark limestone containing much iron, 
and called the Iron limestone. It is an inierpohted rock, or a local rock, in- 
serted in the main series of shales. At some points it becomes an iron ore. 

318. Another interpolated bed is found in the same shales. It is a 
stratum of bromi or brownish-red calcerous shale, which becomes, at some 
points, variegated mai'ble (the upper marble). This bed is seen as a mem- 
ber of the Nashville group in many valley-ranges. It appears as marble 
in Knox county east of Knoxville, and as red shale west of that city* 
Some of thi9, shale has been manufactured into hydraulic cement. 

319. The following section of the strata in the 
vicinity of Knoxville (best seen in going east from 
the city), will show the order and character of the 
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beds mentioned, and also the relation of the Nashville 
group, as a whole, to the formations below it. Like 
the other sections given, it is arranged in the ascend- 
ing order : 

(a.) Knox Dolomyte. The rocks upon which Knoxville is chiefly built^ 
(p. 127.) 

(6.) Lenoir Limestone. Blue argillaceous limestone; 500 feet (p. 130). 

(c) Lebanon Group. Marble beds 380 feet (p. 131). 

{d.) Nashville Group: 

(1.) Galcarecms bluish shale mostly, but containing interlaminated layers 
of flaggy and iron limestone, 400. The shale is buff" or grayish in 
its weathered condition. 

(2.) Iron Limesionej weathering often to a porous dark-brown sandy 
material. Some of it affords flags for paving purposes. 250 feet. 
The Iron limestone is highly fossiliferous. 

(3.) Oodcareoiis Slialej with more or less flaggy fossiliferous bluish lime- 
stone, about 500 feet. The shale, like No. 1, is bluish, weathering 
buff* or gray. 

(4.) Bed Marble (Upper Marbh), Variegated, mostly red, 300 feet. 
As stated, this division is often brown or brownish-red shale. 

(5.) Ccdcxtreous Shale. The topmost portion. Bluish shale, weath- 
ering like 3, containing flags of limestone. Thickness uncertain, 
owing to the folded condition of the layers — about 400 feet. 

320. The fossils of the Nashville group resemble 
those of Lebanon group next below. Some are com- 
mon to both. On the next page we have representa- 
tions of some of the shells found in the Nashville 
rocks. Nos. 4, 5, and 6 are different views of the 
same shells; so are 12 and 13. Nos. 1 and 14 are 
also found in the rocks of the Lebanon group. 

The coral, Nos. 2, 3, in Fig. 32 (p. 133), and the shell, 5, in Fig. 33 
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(p. 134), are abundant and common, botli in Lebanon and Nashville rocki. 
What IB said in paragraph 314 in reference to the absence of fiah remain* 
appl ee here 




Molrut-i, and P m — I l^j a a ce ^npl n ena 

(Leptsna) r g a 3 S mpl on a c n a 4 o (1 K c ella 

capax 14 Kl v I u ella b atn » Ort ^ es uJ a a 9. 

Obulua filo a If^ L ig la q nd ta 11 Or h s ot dental s 1 13. 

OrthiBlyux, 15. Orthis 



321. Hinerals and Ores of the Lower Silurian. — 
These are properly coiisHiered in Part V. The Ocoee 
group dad the Knox Dolomyte are the principal min- 
eral-bearing foiniations. The first yields some gold, 
also copper and iron ores; the Knox Dolomyte con- 
tains many veins, mostly small, of lead ores, zinc ores, 
and barite or heavy spar. In this also are found 
iron ore, calcite, <lolomyte, crystals of quartz, pyrite. 



PALEOZOIC FORMATIONS OF TENNESSEE. 141 

fluor spar, and other minerals. The Nashville and 
and Lebanon rocks are much like the Knox Dolo- 
myte in their mineral bearing character, the minerals 
being much the same. 

II. — The Upper Silurian Formation, 

322. The general character of the Upper Silurian 
formation, as found in Tennessee, is given on page 
118. Its aggregate thickness is only about 1,300 feet, 
which is but one-sixteenth of that of the Lower Silu- 
rian. At no one point is it more than 800 or 900 
feet. 

323. Id tlie Valley of East Tennessee two of its members outcrop 
in long belts, which are generally either long and straight mountains or 
ridges, and so narrow that they can only be represented on a small map 
by lines. In the map on page 116 the broken lines, mostly accompanied 
with a line of dots (the Black Shale), represent these belts. In the Cen- 
tral Basin also the outcrop is very narrow, but in the Western Valley (p. 
36) one of the members spreads out and appears over a considerable area. 

324. The Upper Silurian has four members or di- 
visions, two of which are confined to East Tennessee, 
one to Middle and West Tennessee, and one occurring 
in all three parts of the State. On the eastern side 
of the Central Basin the Upper Silurian rocks are 
wholly absent, the Devonian formation (Black Shale) 
resting directly on the Nashville group of the Lower 
Silurian. 

The following are the divisions, arranged in the 
ascending order: 
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^1.) The Clinch Sandstone — A group of sandstones with shales, from 500 
to 700 feet thick ; the sandstones are mountain-making, and the 
group is confined to the Valley of East Tennessee. 
(2.) The Dyestone Group — A series of variegated shales, with thin sand- 
stones, from 100 to 300 feet thick ; contains from one to three lay- 
ers of the red iron-ore called dyestone. It is also an East Tennes- 
see formation, and is mostly found in ridges. 
(3.) The Clifton Limestone — Best developed in the Western Valley, where 
it is 200 feet thick, but outcropping on the western side of the 
Central Basin, and occurring in East Tennessee. It is chiefly a 
gray fossiliferous limestone, its lower part, however, in the West- 
ern Valley, is variegated (red and gray) limestone and marble. 
(4.) The Linden Limestone — Blue, highly fossiliferous limestone; its great- 
est thickness, 100 feet. It occurs west of the Central Basin, and 
in the Western Valley. 
325. By referring to the section on page 108, it will be seen that 1, 
2, and 3 of these divisions are included in the American Niagara Period, 
and that 4 is equivalent to the Helderberg, The Salina, a New York form- 
ation of shales, marls and impure limestones, having a maximum thick- 
ness of 1,000 feet, and the Oriskanyy a sandstone formation of the northern 
states, have no representatives in Tennessee. The Salina rocks of New 
York are impregnated with salt water, from which large quantities of salt 
are manufactured annually. 

326. (1.) The Clincli Sandstone (Medina in New 
York. — This follows, where existing, next above the 

Nashville group. In the northern part of the Valley 
of East Tennessee it consists chieflv of two strata, a 
red shale below and a hard gray sandstone above, each 
liaviug a thickness of about 400 feet. The gray 
sandstone is very conspicuous in Clinch mountain (par- 
agraphs 43 and 44, pp. 30, 31), of which it forms 
the crest and south-eastern slope. 

Had this sandstone heen a soft rock, the strata forming the mountaio 
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-would have long siDce been worn away (p. 87). The red shale outcrops 
just below the crest on its north-western side, and dips to the south-east 
under the sandstone. Tlie shale has been protected from denudation hy 
the sandstone above it. But few fossils comparatively are found in these 
rocks. 

327. The Clinch sandstone, with more or less of the red shale, oc- 
curs also in a number of the mountains of upper £<ast Tennessee, the 
structure of which is much like that of Clinch. Among these are the 
Bays M(Mnta%n ridgesj the Devil's Nose in Hawkins, PoweWs MountaiUj Lone 
JlcnirUain in Claiborne and Union, and House Mountain. 

328. In the southern part of the Valley the Clinch 
formation becomes a series of sandstones and shales 
of many colors — gray, reddish-brown, buff, and green- 
ish. These rocks are found in White Oak mountain 
(p. 30), where they have a thickness of 500 feet, and 
outcrop on the summit and eastern side of the moun- 
tain. Some of the layers abound in fossils, 

329. (2.) The Dyestone Group (Clinton in New 
York). — This East Tennessee formation is a series of 

variegated shales and thin sandstones, of brown, red- 
dish, and pale-green colors. Much of the mass is 
calcareous; at some points limestones occur. The 
group owes its importance and its name to the dye- 
stone iron-ore which it contains. These beds of ore 
are fossiliferous, and from a few inches to three 
(rarely more) feet in thickness. (See p. 64; also 
Part V, p. 183 and on.) 

330. The Dyestone gronp, with two subordinate formations to be 
mentioned (the Black Shale and the Barren group) j constitute a trio of form- 
ations which form a number of small, but long and characteristic, ridgea 
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— DytdoM ridgia — in the western part of the Valley. One of these lie* 
immediately at the base of the Cumberland Table-land, and extends a1- 
mwt cnntinuou»ty from Virginia to Oeoi^ia. Sucb ridges are aleo found 
in BeqnaCchee Valley. 

331. (3.) The Clifton Limestone (Hiagara Sab-divi- 
sion). — Of the Upper Silarian divisions this is the 
most generally distributed, and yet it is wholly absent 




Corah. — 1. FavositeB Niagarensis; 
B h pod — Pentamerua oblongus; 2. Stro- 
TrUiAiie. — S. Homttlonotus delphinocephalus. 



ii-om many seotioas of the State. It is, in the main, 
thick-bedded fossil-bearing limestone, sometimes contain- 
ing clayey layers, and weathering into shale. In the 
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Western Valley, the region of its greatest develop- 
meut, it is equally divided into a lower variegated 
(ofteu affording a fair marble) and au upper gray 
limestone, each in Wayne county, 100 feet thick. 
Clifiortj on the Tennessee river in Wayne, is lo- 
cated upon the lower part of tlie formation. In the 
region of this place the rocks of the formation can 
be studied to advantage, and hence the name we 
give it. 




Brachopoda. — 1, 2 SpiriEer biagarenBis, 3 4 Spinfer suloalus, 5 
(two views) Alrypa nodostnata fi Merl'tanitida T, Aiiastrophin inter- 
plicata; 8 (two yiewBJ Ehyiiehonella cuneata, 9 a, b, Leptoixelia dia 
parilU; 10. a, Ortbia bitobua, II Strophomena rhoDilwidalie , 12 Lep- 
ttena transversalia. 



332. The rocks of the Chiton formation make the "gladea" m 
Perry, Decatur, Wajne, and Hardin counties among them are the gray 
rocks of Savannah, the marble of the Big Sandy in Henry county, and of 
Krdsong creek in Benton the limestono below the Black Shale at Cen- 
IreirUU. On the western slopee of the Central Baein and in the ridges east 
of I\iiatH it occurs, at many pointa, below the same Black Shale. 

333. In Ea«t Tenneasee it is the limestone on the south-west udo 
10 
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of &itedvilk; a Mrip of it lies at the eastern base of Newman's tidge, and 
another at the eastern base of PaweH'H mountain. 

334. ^c gladea of (he Western Vallej' have supplied many fossilj 
from thlH formation, some of which are represented in Figs. 35 and 3S. 
They are eapeciallj noted lor crinoida and sponger. In the Report on the 
(iei'logy of Tennessee the Ctilton formation is named the MenUean Linut- 

Flc. 37. 




stone, for the reason thi 

^aped like the glass lens called 

Fig. 38 a cross section, of this curi 



great abundance, a fossil simi';^" 
In Fig. 37 the side, and in 
sponge are represented. 




Foml ^<mge. — Hga 37, 38, AatrEeoapongia Meniscus. 



335. (4.) The Linden Limestone (Helderberg). — This 
limestone, like the last, has its greatest development 
in the "Western Valley. It is a stratum of blue. 
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thin- bedded, and sometimes shaly limestone, which ia 
remarkably full of fossils. The rock at some points 
contains flinty layers, especially in its upper part. 

The formation is seen below the Black Shale at 
Idnden, in Perry county, and outcrops at other points 
in the valley of Buffalo river, as well as of Duck 
river. It occasionally appears outcropping on the 
western slopes of the Central Basin, but here it is 
thin and often absent. East of tliis it has not been 
■observed 




Bradnopodn.^-l. Hemipronites radiata ; 3,10 Rli}nc ne 
3, II. Pentamerus gaJeaCuH; 4. 5. Pentamerua peeudo {.alentus f> Ea- 
tonia aingiilaria; 7. Mecialella anlcBta; 8. Orthis vanca 9 Spinier 
inacropleura ; 12. Meriatelta levia. 
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336. ^^6 linden limestones are seen in several blue slialj lime* 
■tone bluffs on the Big Sandj, in the heads of the hollows about Decatur^ 
vilUy about the White Sulphur Springs in Hardin county, and at point» 
(though generally absent) above the Clifton limestone in the valleys o£ 
Indian and Hardin creeks in the same county. They are found also rest- 
ing upon the Clifton rocks in the bluff below Cumberland City on the 
Cumberland river, and at the foot of the hills around the Well's Creek 
Basin. Fig. 39, on the preceding page, is a group of some of the charac- 
teristic fossils of the Linden limestones. 

337. Fossils of the Upper SiluriaiL — These are much 
like those of the Lower Silurian. (See paragraphs 
240 and 320, on pages 111 and 189 respectively.) 
Kemains of fishes have been found in the upper part 
of the Silurian of Europe, but not of America. 

338. Minerals. — The Upper Silurian rocks of Ten- 
nessee, with the exception of the iron ore mentioned,^ 
afford but few minerals. The Clifton limestone con- 
tains some small veins of lead ore, crystals of pyrite^ 
and a little petroleum. 

III. — The Devonian Formation. 

339. The Devonian formation is more poorly developed in Tennes- 
see than the Upper Silurian. Its only representative, as stated on page 
118, is a stratum of bituminous shale, already several times referred to, 
and bearing the name below. 

340. The Black Shale (Genesee Shale).— The Black 
Shale of Tennessee is apparently the southern exten- 
sion of a division of the Hamilton period, called, in 
New York, the Genesee Shale. It has been suffix 
ciently described in paragraphs 169 and 264, on pages 
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75 and 118, to which the attention of the student is 
directed. 

341. ^lie great extent of this Shale, or the persistency with which 
it spreads over the country without thinning out, is one of its remarkable 
Kiharacteristics. It is always to be found when its proper horizon or its 
place in the series of formations is presented at the surface. In this re- 
spect it is quite in contrast with the members of the Upper Silurian, 
which exist in certain parts of the State only, or, we may say, exist in 
patches or in strips. 

342. 1*he Black Shale contains pyriie (p. 197), which unfits it for 
use as a roofing slate, but makes it a material from which copperas and 
alum may be manufactured. It also contains bitumen^ but in thin leaves, 
rarely an inch in thickness. What is said in paragra2)hs 135 and 136, on 
page 65, will apply to this Shale. 

343. li^ addition to its outcrops, mentioned on page 75, it appears 
in East Tennessee along the eastern base of PowelPs Mountain, of New- 
man's Bidge, Clinch Mountain, and, in the southern part of the State, 
White Oak Mountain ; also in front of Montvale Spring, near the base of 
Chilhowee mountain; also in the dyestone ridges generally, including 
those in Sequatchee Valley. 

344. Fossils. — The Black Shale contains the first 
remains of land plants (wood, etc.) found in Tennes- 
see, It affords also a few shells and traces of fishes. 
The kind of life existing when the Devonian rocks 
were deposited, or during the Devonian Age, is men- 
tioned on page 112. 

345. The Devonian Out of Tennessee. — In New York, 

Pennsylvania, and the northern part of Virginia, the Devonian formation 
is greatly developed, the aggregate thickness of its strata being not far 
irom 10,000 feet. This is not the thickness at any one point, but the sum 
of the greatest thicknesses of its members. In the section on page 108 
the four members or periods of the American Devonian, are given. All 
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of these, with the exception of the Cwmferofm,^ which is chieflj limefitone^ 
are made up of shales and sandstones, and all, except the HamiUon (so 
far as it is represented by the comparativelj thin Black Shale), thin out 
and disappear before reaching Tennessee. 

The Corniferous limestone extends further south-west than any oi 
them, as it is found outcropping in the region of Louisville, Kentucky. 
There are, indeed, doubtful traces of the Corniferous in certain parts ol 
Tennessee, but they are so thin and local that we need not regard them 
here. 

IV. — The Carboniferous Formation. 

346* '^^ general character, kinds of rocks, number of divisions^ 
and areas of the carboniferous formation, have been given in paragraphs- 
265 and 206, commencing on page 118. Its strata are the surface rocks, 
as there stated, of two of the large natural divisions of the State, the^ 
Cumberland Table-land and the Highland Kim. This makes more than 
one-fifth of the entire surface of the State Carboniferous; that is to say^ 
showing carboniferous rocks, or having them immediately beneath the soil. 
Phis alone would give great interest to the formation, as the character of 
the soil depends greatly upon the nature of the underlying rocks. But in 
addition, the upper member of the formation contains all the coal beds^ 
and these are vital to many interests. 

347. The divisions of the Carboniferous formation^ 
commencing with the lowest, are as follows: 

(1.) The Barren Group — The base of the Carboniferous series; rocks gen- 
erally more or less calcareous, but distinguished by containing 
rrmch siliceous or flinty matter; greatest thickness 300 feet, but often 
much less. 

(2.) The Coral J or St, Louis Limestone — Gray and blue, thick-bedded, fossil- 
bearing limestones, usually with imbedded nodules of flint or chert;. 
250 to 300 feet thick. 

^8.) The Mountain Limestone — Also gray and bluish fossiliferous lime- 
stones; forms the base of the Cumberland Table-land; from 30(^ 
to 700 feet thick. 
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(4.) The OocU Measures — A great series of sandstones, shales, and beds of 
coal interstratified ; generally from 500 to 600 feet thick, but in the 
north-eastern part of the Table-land 2,500. 

348. (1.) The Barren Group.— In Middle Tennes- 
see this group includes the rocks of the elevated 
'^ barrens'^ which lie on both sides of the Central 
Basin and make a part of the Highland Rim. Its 
rocks, which are often layers of flint, are seen next 
above the Black Shale wherever the Rim breaks off 
into valleys and gorges. Many beautiful water-falls 
are formed by the passages of streams from the high- 
lands over these hard rocks, down into "gulfs" or 
gorges. 

The general outlines of the Central Basin are 
sharply defined by the flinty and siliceous rocks of 
the Barren Group (p. 88), as well as the outlines of 
the Western Valley, espdfeially on its eastern side. 

349. -^t many points the rocks of tlie formation are flinty layers, 
with silico-calcareouB and bluish shale; at others they are mainly such 
shale: at others, again, layers of limestone occur, which are frequently 
crinoidal limestones (p. 96), and, at certain localities, have supplied geol- 
ogists with many fine specimens of crinoids. In the southern part of the 
State the member becomes thin, and blends with tlie coral limestone above. 

350. I" *be Valley of East Tennessee the Barren Group, closely 
associated with the coral or St. Louis Limestone, is one of the trio of 
formations making the dyestone ridges (paragraph 330, p. 143), in fact the 
ridges owe their existence, as jsuch, to tlie flinty layers of this group. 

At Cumberland Gap, and in the first ridge east of Clinch mountain, 
a thick greenish shale occurs in the horizon of this group, which is filled 
with a peculiar sea-plant called, from its feathery form, the cock-tail sea 
weed. 
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351. (2.) The Coral, or St. Louis Limestone. — This 
limestone, called coral on account of the frequent oc- 
currence of a large fossil coral in it, and St. Louis 
for the reason that corresponding layers outcrop about 
that city, is, with the beds of the Barren Group, the 
surface or cap formation of the Highland Rim. In 
the flat wooded regions immediately around the Cen- 
tral Basin the rocks of the Barren Group are first 
met with, but going further back from the Basin the 
overlying layers of the St. Louis begin to appear. 
At the same time the character of the country changes, 
the soil becomes red and much more fertile, present- 
ing, indeed, some of the best farming regions of the 
State. The same change takes place in going in an 
easterly direction from the Western Valley. 

352. A wide belt of country lying at the western base of the Table- 
land, and including the towns of Livirt^ston, Coohmlle, Sparta, McMinnmUe, 
CowaUj and Winchester^ is based on the St. Louis Limestone. SmithviUe 
Manchester, and TvMahoma are near the western border of this belt. In 
the counties of Robertson. Montgomery, and Stewart, north of the Cum- 
berland river and contiguous to the Kentucky line, is another large sec- 
tion, including much excellent land, which is based on the same rocks. 
Within this are the towns of Springfield, ClarksvUle, and Dm}er. Other 
townd located on the St. Louis Limestone are LaFayette, Charlotte, Waverly^ 
Vernon, Newberg, Waipieshoiv, and Lawencehurg. 

353. Wherever this formation underlies the surface, it is commoD 
to see porous flinty masses and more or less angular gravel, with here and 
there fragments of the large coral referred to, scattered over tlie ground 
or mixed with the red soil. Such regions also are remarkable for "sink- 
holes," underground streams, and caves. 

354. Fossils abound in these rocks, and conspioa- 
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ous among them is the large coral. This bears the 
long name of lAtkostrotion canademe. In Fig. 40 an 
end and side view of a piece of the coral are pre- 
sented. 

3)0. In East Tennessee the St. Louis limestone 
and the Barren Group are considered together as one 
formation. In both Middle and East Tennessee the 
two members are sometimes included under one name 
— the Siliceous Group, 

Ftg. 40. 




356. (3.) The Uonntain Limestone — Easting upon 
the Coral or St, Louis Limestone, and formmg the 
base of the Cumberland Table-land, is the division 
r known as the Mountain Limestone. Its layers outcrop 
on the slopes of the Table-land on all sides. The 
long tnnnel on the Nashville and Chattanooga railroad 
is cut through this limestone, and the Sewanee rail- 
road, in ascending the mountain, presents a fine sec- 
tion of its layers. The group includes a few beds 
of shale, one of which, near the top, is brown or 
reddish, and another pale green. In the southern 
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part of the State the entire formation is 700 feet 
thick^ but near the Kentucky line it is reduced to 
about 400. 

357. '^^^ mountain limestone is well filled with fossils, among 
which the remains of fishes, especiallj teeth, are not rare. In Fig. 41 
two kinds of Crinoids are represented, which are frequently found in these 
rocks, and are sometimes thought to be " petrified hickory nuts." They 
are the remains of animals, however, and not nuts. 

Fig. 41. 





Onnoids. — Pentremites pyriformis; 2, 3. Pentremites Godonii. 

358. Several belts or strips of the mountain limestone occur, with 
the Barren Group and the Black Shale, in the Valley of East Tennessee 
at considerable distances from the Table-land. They are found severally 
on Newman's ridge, east of Sneedville, east of Clinch Mountain, east of 
White Oak Mountain, and at Montvale Springs, in front of Chilhowee 
Mountain. At tlie base of the latter mountain, and running near the 
springs, is a tremendous fault or displacement of the formations (para- 
graph 182, p. 82), by which strata once 10,000 feet apart, in a vertical 
line, are brought right together. On one side of the fault is the top part 
of the Ocoee Conglomerate, and on the other, the Mountain Limestone. 



359. (4.) The Coal Measures. — In this exist the 
beds of coal. It is a formation or series of inter- 
etratified sandstones, conglomerates, shales, and coal- 
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beds. The Coal Measures form • the cap or top part 
of the Cumberland Table-land, and have the same 
horizontal extent, equal to 5,100 square miles. 

360. The following section of the strata in the 
vicinity of the Sewanee Coal Mines, or Tracy City, 
will give a good idea of the character and alterna- 
tion of the rocks of the formation. The lowest beds 
outcrop just above the Mountain Limestone in a deep 
*'gulf'^ about two miles south of Tracy City, and the 
section includes all the strata in succession from these 
to the highest points on top of the Table-land near 
the mines. It commences with the lowest and as- 
cends : 
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Shale and sandstone 40 feet. 

Coal ot variable thickness 1 to 3 " 

Hard sandstone, often shale 78 

Sandy shale 22 

Shale, with a few inches of hard clay at top 8 

Coalj outcrop from J to IJ 

Sandstone 66 

Shale, with clay at top 10 

Cba/, outcrop from J to 1 foot. 

Conglomerate 70 feet. 

Sandstone 17 " 

Shale 3 " 

Coalj outcrop 1 foot. 

Shale, some of sandy 33 feet. 

Coaly worked at the Sewanee mines 3 to 7 " 

Shale, more or less sandy, sometimes sandstone 45 " 

Sandstone 86 " 

Sandy shale 25 " 

Clayey shale 1 foot. 

CW, outcrop J " 

Shale '. 23 feet. 

Coaly a few inches 

Sandstone and conglomerate, at the top 50 feet. 



361. The Gonglomeratef No. 10 of the section, must be especially no- 
ticed, as it divides the coal series into two members, the Lower Measure^ 
and the Upper Measures. It is also the top or surface stratum of much o' 
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the Table-larid, es[)tcially near its borders, and is the principal one of iKa 
hard rocks (Ibrre called sandstones) mentioned in paragraph 194, page 88, 
The clifi'-edges of tlie Table-land are nio^t generally this rock. It is often 
a sandstone, but frequently contains small white and rounded pebbles of 
quBitz, nhenee the name conglor 




3S2. The Lower Meanures, capped by thi; i-mi- 
glomerate, are co-extensive with the Table-land, and 
supply coal at very many points around its borders. 
The Upper Measures are more limited in horizontal 
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extent. They exist in ridges, or plateau-patches, of 
greater or less area, resting upon the conglomerate 
(ridges and tables on the Table-land), and of moder- 
ate height, but sufficient to carry one or two beds of 
good coal. 

363. In the north-eastern part of the Table-land, 
however, in parts of Morgan, Anderson, Scott, Camp- 
bell, and Claiborne counties, the Upper Measures be- 
come of great thickness, more than 2,000 feet, form- 
ing really mountains on the Table-land, and includ- 
ing not less than sixteen seams of coal, many of 
which are thick enough for mining. Further details 
of the coal and coal beds will be given in Part V. 

364. Coal has been formed, as stated on page 112, from beds of 
vegetable matter. The shales both above and below the coal seams often 
contain the impressions of leaves, among which occur also remains of 
fruits, branches, and even trunks of trees, the kinds of which, together 
with some of the kinds of animals living when the plants grew, are men- 
tioned in the paragraph just referred to. In Fig. 42, on the opposite page, 
are representations of leaves of ferns found in the coal shales. 

365. The towns located upon the Coal Measures, and of cour?»e 
upon the Table-land, are Huntsville, Jamestown, Montgomery, Wartburg, 
Crossville, Spencer, Altamont, and Tracy City. 

366. Minerals of the Carboniferous Formation. — The 
most important of these is coal. Nodules of the 
iron-ore known as clay iron-stone are found in the 
shales of the Coal Measures, also large ledges of 
siliceous brown hematite. Barite, Quartz, Gypsum^ 
Sulphur, Epsom Salts, Nitro-calcite (the latter two 
in caves), and Lead ore, are found in the limestones 
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of the Formation^ but are nowhere of much economio 
interest. Petroleum has been found in considerable 
quantity in Overton county. 

367. The Permian Period. — On page 108 this ia given as one 
of the x>eriod8 of the carboniferous. Its rocks, which are limestone, sand- 
stones, shales, beds of gypsum, etc., do not exist in Tennessee. In Kansas, 
west of the Mississippi river, they have considerable development. In 
Europe it is an important formation. 



CHAPTER XII. 

The Mesozoic and Cenozoic Formations of Tennessee. 

368. It remains to consider the formations of the 
State included in Mesozoic and Cenozoic times. These 
are, in the main^ confined to West Tennessee, and 
embrace strata very different in appearance from those 
we have been studying. In the place of hard sand- 
stones, limestones, and shales, we have now beds of 
sand, clays, marls, etc., that have never been hardened, 
with some local exceptions, into what are popularly 
called rocks (paragraph 119, pp. 59, 60). These un- 
consolidated strata are the only Tennessee representa- 
tives of the two great geological times mentioned. 
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369. Meaozoie Time was a mediseval era in geological history, a 
middle era so far as the kinds of animals and plants were concerned. Dur- 
ing this Time many of the old Paleozoic species, like the Trilobites, no 
longer existed ; while, on the other hand, new species appeared, such as 
the first of Birds and Mammals, and among plants tlie first of Palme and 
Angiosperms, like the Oaks, Maples, Walnuts, etc. (p. 103). The Beptiles 
were the most characteristic animals of the era; it was the Age of Rep- 
•tiles, the only age included in the time (pp. 109, 113). 

370. Cenozoic Time, or the Time of recent Life, is the modem era 
in geology. It includes two ages, tlie Age of Mammals (p. 113) and the 
Age of Man (p. 114). At the first its animals and plants, if not quite the 
same in species, belonged very generally to the families, and often to the 
genera with which we are familiar. Every thing wore a modern aspect. 
Toward the last of the Time the life of the present day was introduced. 

371. On previous pages (60, 114) it is stated that 
4ihe Gulf of Mexico once reached up as far as the 
mouth of the Ohio, and that from these waters the 
strata peculiar to West Tennessee were deposited. The 
part of the old shore of the Gulf that was in Ten- 
nessee is easily traced out. It extends from Missis- 
sippi to Kentucky in a northerly and southerly di- 
rection, coinciding with the Tennessee river through a 
part of Hardin county, but elsewhere a' few miles 
west of that stream. The towns of Camden and De- 
caiurville are nearly or quite upon it. Along this 
line the older strata (the limestones and other rocks 
of Middle Tennessee) and the strata pemiliar to West 
Tennessee come in contact. The first are abruptly 
beveled off to an unknown depth, presenting their 
^dges to the west; the latter overlap unconformably 
^he beveled and sloping edges of the first. 



160 THE FORMATIONS. 

On the map (p. 116) the old shore coincides with the line marking the 
eastern boundary of the area V (Cretaceous), and in the section on the 
next page the beveled edges are seen with the formation V resting upon 
them. The inclination of the slope of the edges and the dip of V are 
much too great as represented in the section. They have been purposely 
exaggerated. 

372. The formations confined to West Tennessee 
are the Cretaceous and the Tertiary (pp. 119, 120). 
The Quarternary, while having its greatest develop- 
ment in this part of the State, is also represented by 
superficial deposits in the other parts. The Cretaceous 
is included in Mesozoic Time; both the others are 
Cenozoic. 

373. I^ ^^6 section on page 109 two Mesozoic formations are given^ 
the Triassic and the Jurassic, which are not found in Tennessee. Bocks of 
these formations, mostly red sandstones, occur in long narrow strips, run- 
ning parallel with the Atlantic coast in the eastern border states from 
Maine to North Carolina. Many trap dikes are met with in the sand- 
stones of these strips. These are referred to on page 69 as making ridges 
in the Atlantic states, including the Palisades of the Hudson. Bocks of 
the Triassic and Jurassic age also occur in the west between the Missis- 
sippi river and the summit of the Bocky mountains, and beyond this sum- 
mit on the Pacific slope. In the west they are sandstones, marls, lime- 
stones, with which are beds of gypsum. In Europe the formations are 
well developed. The word Triassic means tripUf and refers to the fact that 
in Germany the formation has three divisions. The word Jurasdc is de- 
rived from the name of the mountains called Jura, in which the Jurassic 
formation exists, ^he cut on page 77 represents Jura strata and mountains. 

V. — The Cretaceous Formation. 

374. The general character of the Cretaceous form- 
ation in Tennessee is given in paragraph 267, on jmge 
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119. It has three divisions, the limits of which, as 
well as those of the formation itself, are given ap- 
proximately. The divisions are as follows: 

(a.) Coffee Sand — A heavy bed of laminated sand containing clayey leaves 

and layers ; 200 feet thick. 
{b.) BoUen lAmestxmey or Oreen Sand — A stratum made up of sand, clayey 

and calcareous matter ; it contains green grains and fossil shells in 

profusion ; 350 feet, 
(c) Ripley Group — Much like the coffee sand ; perliaps 400 feet thick. 

375. (a.) The Coffee Sand.— This is the lowest of 
the* Cretaceous beds outcropping in West Tennessee. 
It is a group of stratified sands, usually containing 
scales of mica. Interstratified more or less with these 
sands are thin, often paper-like layers of dark clay, 
the clayey layers sometimes predominating. Occasion- 
ally beds of laminated or shaly clay of considerable 
thickness — from one to twenty feet or more — are met 
with in the series. The group contains in abundance 
woody fragments and leaves, converted more or less 
into the half-formed, imperfect kind of coal called 
lignite (p. 178). 

376. The layers of the Coffee Sand are well exposed in the hluffs on 

the Tennessee river, in Hardin county, at Coffee^ Orump\ and PUtaburyh 

landings. From the first of these the formation gets its name. The hluffs 

are made up of these layers, with the exception of a covering of gra'vel 

on top of them belonging to the Orange Sand formation to be described. 

They are seen also at ScoU*8 HiU, on the road from Lexington to Clifton. 

Decaturville is in part upon their outcropping edges. 

The area of outcrop of the Coffee Sand is a narrow belt includinf< 
11 
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chiefly the western parts of Decatur and Hardin counties. lis lajen ai« 

very generally concealed by the superflcinl gravel and aand of the Orange 
Sand gronp referred to. 

377. (6.) The Batten Limegtonfl (Green Band). — This 
formation is called Rotten Limestone because it has the 
appearance, especially in Alabama and Mississippi, in 
which states it also occurs, of a soft chalky limestone. 
Its mass consists of' fine qiiartzose sand mixed with 
clay and much calcareotin matter, Tlic inas,s contains 




also the green ffiatns of i m 

and layers rich in this m-i} 

These grams are soft, and \ 

closely resemble the grains of gun-powder They give 

a greenish folor to the stratum, and hence the name, 

Oreen Sanii. 



leral called glauconUe, 
e u',ed as a fertilizer. 
t.re they black would 
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378. '^he Botten Limestone contains in abundance fossil shells of 
tnany varieties, some of which are of large size. Among them are great 
fossil oyster shells, which have been abundant enough at some localities 
to gather and burn into lime. In Mg. 43, on opposite page, are reduced 
representations of some of the large shells. Nos. 1, 2, and 3 are oyster 
shells, the first two of which are found at many localities. They are, with 
other shells and fossils, among which are sharks' teeth (Fig. 44), very con- 
-spicuous on the " bald hUU " or " bcUd places " of the counties in which the 
Botten Limestone outcrops. These are marly places, often bare, or with 
^ut little vegetation. 

Fig. 44. 




SIuu'Ivh' TeetJ». 

379. This formation is the northern extension of the Rotten Lime- 
-stone of Alabama and Mississippi. It lies in a belt extending through 
the eastern parts of McNairy and Henderson counties, and the extreme 
western parts of Hardin and Decatur. Its maximum thickness^ 350 feet, 
is ih McNairy. 

380. (c.) The Eipley Group. — This division, like 
the Coffee Sand, is a series of laminated sands con- 
taing thin clayey layers, and occasionally beds of shaly 
clay. In Hardeman county it includes a bed of fos- 
siliferous impure limestone, from two to six feet in 
thickn^s, and a bed of clayey calcareous sand, con« 
taining green grains and shells. 
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381. The outcrop of the Ripley Group, often, however, conoealed 
hy the Orange Sand, occupies a belt of surface extending from Kentucky 
to Miasiflflippi through the eastern parts of Henry and Carroll counties^ 
the western part of Benton, the middle of Henderson and McNairy, and 
the Bouth-eAstem part of Hardeman. Camden is at its eastern edge; 
Lexington and Purdy are upon it, and Middleton near its western edge. 
Its limits are provisional, and may be modified hereafter. The belt in- 
cludes the Tennessee ridge (p. 37). Much of the country is high and 
broken. With the belts of the Cofiee Sand and the Botten Limestone it 
makes up the area V on the map. 

VI. — The Tertiary Formation. 

382. The student will refer to page 120 for a 
brief notice of the Tennessee Tertiary, and to pages 
113 and 114 for the character of the Tertiary in 
general. In Tennessee we have, as may be seen in 
the section on page 109, but two divisions, which are 
as follows: 

(a.) !Z%e Flaiwoods Sandj or Oroup. 
(6.) The La Orange Sand, or Choup. 

383. Both of these belong to the lowest Tertiary, or to the Eocene^ 
one of the three members into which geologists have divided the Tertiary^ 
the other two members being the Miocene and Pliocene, The name Eocene 
does not appear in the section. The American periods called Ligni/ic and 
Alabama, as well as the Tennessee divisions, are Eocene. These lower 
Tertiary beds are found in the southern states, and in the great regions 
west of the Mississippi river. Miocene and Pliocene beds occur in the 
same states and regions, and also in the Atlantic states. 

384 (a.) The Flatwoods Sand, or Oroup.^ — The name 
Flaiwoods was given to this group by the Mississippi 

geologists. In Tennessee the formation has, ^rhaps, 

a thickness of 200 or 300 feet. In the character of 
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its layers it does not differ much from the Ripley 
and Coffee group; except in containing more laminated 
or shaly clay. On Porter's Creek, in the s'outhern 
part of Hardeman county, a bed of shaly clay ("soap- 
stone '') occurs in the series which has a thickness of 
100 feet. 

385. Along the Memphis and Charleston Railroad the belt of sur- 
face occupied by the group is about eight miles wide. From this region 
the belt, becoming narrower, extends to the Kentucky line. Like the 
Biplej Group, its ^mits are provisional. Paris and Huntingdon are 
near its western limits. Its belt of outcrop is a narrow strip lying next 
west of the line on the map separating the areas V and VI. It does not 
Teach Jackson. 

386. (6.) The La Grange Sand, or Group. — This is 
the formation of more than a third of the area of 
West Tennessee. It occupies a belt forty miles wide, 
which extends in a north-easterly direction from Mis- 
sissippi to Kentucky, and is the central portion of 
this division of the State. Like the Coffee Sand and 
other formations described, it is in general a mass of 
grayish sand, thinly interstratified, containing thin clayey 
layers, often dark, with vegetable matter. Beds of 
lignite are, at some points, met with. When weath- 
ered, or near the surface, the sands are usually yel- 
low, red, or orange. The series includes also beds 
of white and variegated clays. The thickness is un- 
known, and may be as much as 600 feet. Many 
fine &rming regions and cotton lands lie within the 
area of the group. 
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387> ^ good oectian of Its lajers is exposed at La Orange, In the- 
coun^ea of 9helb;, Tipton, Lauderdale, Djer and Obion, eaat of the Mia- 
aiaeippi bluffa (p. 37), it is covered by a belt of Quarternar; beds. In the 
blaffs, however, it outcropa under the gravel <A the Orange Sand, and in- 
terMting sections are exposed at nameroDB points, as at Bandolph and 
F\iitoa on the MisaiBsippi river. In most of the section of the blufia beds 
of lignite occur. A Kection may be seen at Kaleigh, on Wolf river, in 



Pig. «. 




_ tig. 1. Quercus (Oak) myrtifolia; 2. Cinnamomum ICin 
fissippiensej 3. Calaniopsis (P.ilra) Dane; 4. Fflgus ferrugineo (a Beech, 
nut) ; 5. Carpolitliee irregularis (also a nut). 

whicu ia a bed of lignite. At Memphis the formation outcrops at a low 
Ie«l below the gravel. 

388. Impresaions of leaves are frequently met with in this forma- 
tion. Many of the leaves do not belong to species now existing, and many 
to genera which only grow in tropical regions. Some of the vegetable re- 
mains are represented in Fig. 45, on this page. No. 1, an oak leaf, and' 
No. 4. a beecli nut, were found near Somerville, Fajelte county. 
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The following county towns are within the limits of the La Grange 
group: Dresden, Paris, Huntingdon (the two last near its eastern limit), 
IVerUon, BrownsvilUf Alamoy Jackaon, SomervilUf and Bolivar, 

VII. — The Quarternary Formation. 

389. In this are included the superficial deposits of the State. A 
irief description of the group in general is given on page 120. See fur- 
ther on pages 114 and 115. It corresponds to the Age of Mariy which is 
divided into three periods, the Olacial, Champlainj and RecerU. The stu- 
dent will review what is stated on the pages referred to. 

390. The Tennessee divisions of the Quarternary 
are as follows: 

(a.) The Orange Sand, 
(6.) The Bluff Loam. 

(c.) The AUuvium, 

« 

391. The Orange Sand. — This is a wide-spreading, 
superficial formation of gravel and sands^ of orange, red- 
dish and variegated hues. Its greatest development is in 
West Tennessee; it is also met with in other parts of 
State. Some of it is the southern extension of the 
Drift, and all of it may be included under this 
name (paragraph 255). In some regions, especially 
in West Tennessee, it entirely conceals, with its coat- 
ing of sand or gravel, or both, the outcrops of what 
may be called the regular formations. The Cretace- 
ous and Tertiary beds are verv often covered bv it. 

392. 1^" ^he Mississippi bluffs it outcrops brltnv tlie Blufl' Loam, and 
next above the La Gran<:^e Group. At Memphis it lies at a low level, and 
has supplied much sand for building purposes. Most of tlie isolated 
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b.ockB of sandatone, which curioiuly cap certain high points in West Ten* 
ncsMe, M at UilUtone, in Tipton county, bi;long to the Orange Sand. 

The superficial gravel beds of the nplands of the Western Vallej, the 
nater-wom gravel of the Western Iron-ore region (perhaps also the ore 
hanks themselves), and the gravel fnund ao commonlj in tlie vicinity of 
the Kast Tennexsee rivers, are all referable to thia group. 




393 {b.) The Blaff Loam. — This lies upon the 
Orange Sand, and is, therefore, of later date. It ia 
a superficial formation, and makes comparatively a nar- 
row belt of surface, which extends from Misnissippi 
to Kentucky, and includes moat of the uplands of 
Shelby, Tipton, Lauderdale, Dyer, and Obion. This 
belt 19 the part of the area VII on the map, hay- 
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ing eloping lines. It is the topmost Btratum of the 
Miuissippi bluffs. 

394. The formation consists of fine siliceous loam, 
more or less calcareous, and usually of a light ashen, 
yellowish or buf( color. It contains land and fresh 
water shells, and frequently calcareous nodules, or cu- 
riously shaped stones. In thickness it ranges from a 
few feet to one hundred. 



396. The Boil of the Bluff Losm ia generally of excellent qualitr, 
upon which flonrish forests noleil tor ti-ees of very large size. Memphis, 
Baleifih, Gmingbm, Ripley, Dya-sbwg, Trny, and TJidon Oilij, are located 
upon the for 




The Loam belonge to the Ghamplain period. Some of the animals 
taeationed on page 115 hare been found in It. Among them are bones of 
the Mastodan. (M. Amaricanus), the skeleton of which is repreeented in 
Fig. 46, on opposite page. Remains of this animal occur aUo in the later 
Alluvial deposits at localities in all three divisions of the State. The 
name of another animal, the remains of which have been found, is 
Mtgaionyx. This was of the sloth kind, and allied lo the great Megalheritan, 
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which had a length of 18 fe«t. It ia represented in Fig. 47. The bones 
of this monster are found in South America. 

896. (c.) The Alluvium. — The alluvial bottoms of 
all the rivers in the State are properly included in 
this division. They are the most recent deposits, and 
consist of the washings brought down by the rains 
and waters from the uplands. The most important 
alluvial area is that of the Mississippi Bottoms (p. 38)» 
It lies between the 'bluflFs and the Mississippi river, 
and is the part of VII on the map having v-shaped 
markings. Lake county, in the north-western corner of 
the State, is wholly within this area. The rivers 
generally present alluvial tracts of unsurpassed fertility. 



PART V. 



ECONOMIC GEOLOGT. 



397. Economic Geology treats of substances that bear direcUj on 
the arts, industries, and progress of civilized life. A generally diffused 
knowledge of the quantity, quality, and localities of whatever contribute 
to such results cannot fail to exercise a beneficial influence upon the ma- 
terial interests and prosperity of the State. 

The mineral map on page 173 will designate the locality of all the val- 
uable minerals in the State. The student would do well to study this 
map until he is familiar with the coal area, the iron belts, the region of 
copper, sine, marble, and other substances which are treated of in tliis 
Part. 



CHAPTER XIII. 
Coal Area, Coal, and Coal Mines. 

I. — Coal Area, and Coal. 

398. Though classed as a mineral, coal is of vegeta- 
ble origin. Next to iron it is the most important of all 
our mineral products. The coal region of Tennessee 
is a part of the great Appalachian coal-field which 
extends in a north-easterly and south-westerly direc- 
tion for a distanqe of 875 miles through the western 

(171) 
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part of Pennsylvania, the eastern part of Ohio, the 
western corner of Maryland, embracing nearly all of 
West Virginia, and the eastern part of Kentucky, 
crossing Tennessee and ending near Tuscaloosa, Ala- 
bama. It embraces an area of 80,000 square miles, 
of which 60,000 will furnish available coal. This is 
ten times the area of the productive coal-fields of 
Great Britain, and eight times as great as all the ex-, 
plored coal-fields of the remainder of Europe. 

899. Of this coal-field Tennessee has about 5,100 
square miles. It includes the counties of Morgan, Scott, 
and Cumberland; the greater parts of Fentress, Van 
Buren, Bledsoe, Grundy, Sequatchee, and Marion; con- 
siderable portions of Claiborne, Campbell, Anderson, 
Rhea, Roane, Overton, Hamilton, Putnam, White, and 
Franklin, and small portions of Warren and Coffeer 
The area of coal, in other words, embraces the whole 
of the Cumberland Table-land, the third natural di- 
vision of the State. Its area is represented on the 
map on page 173. 

400. We have already (p. 32) spoken of the leading 
physical features of this division. The student will 
remember that the edges of the table-land are made 
prominent and striking by a bold cliff, resembling a 
huge massive wall running along near the top of the 
mountain.. This cliff is the outcrop of a conglomerate 
rock, averaging seventy feet in thickness. It divides 
the coal-field horizontally into two parts, called the 
Lower and Upper Coal Measures, 
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By Coal ^feaaures is meant, as we have seen, a series of strata in which 
the seams of coal occur. The seams of coal form layers (not veins) like 
the layers of limestone and* other sedimentary rocks. Beneath all the 
seams are beds of bluish or gray clay which, in some cases, were the soili 
upon which the plants grew that supplied the material for the formation 
of the coal. Above the coal are usually bluish or black shales which split 
easily. They contain beautiful impressions of coal-plants, the study 
of which affords a pleasing recreation to geological students (p. 166). 

401. The Lotoer Coal Measures rest immediately 
upon the massive mountain h'mestone which extendi 
one-third, and sometimes two-thirds, the way up to 
the cliff-forming conglomerate. Immediately upon the 
limestone rest strata of shales and sandstones, witb 
fhjcee, and rarely four, seams of coal. The coat- 
seams of the Lower Measures are not uniform ito 
Ijbickness, but variable and irregular, sometimes ihimr 
ning out to a few inches, and then again swelling 
out into masses or pockets six or seven, and even 
twelve, feet thick. The coal, however, is usually of 
excellent quality. 

402. The Upper Coal Measures make hills, ridges and 
even mountains, resting upon the main conglomerate. 
In these sometimes as many as eight workable seams 
of coal occur, generally, however, only two or three. 

A seam of coal is workable when it is over two feet thick. 

The seams of the Upper Measures are more uni- 
form in thickness, and can be relied upon with more 
certainty than those of the Lower Measures. 

408. Along the eastern edge of the coal-field, both in 
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the Upper and Lower Measures, the seams are thrown 
up with the other strata into folds or flexures. These 
flexures are seen in the coal at the Roqkwood and a few 
other mines. In connection with these folds or flex- 
ures faults occur which displace the strata, and occa- 
sionally interfere with mining. 

The Upper Measures in the western counties are 
by no means as thick as in the north-western part 
of the coal-field, but they are often thick enough to 
give two or more seams of good coal. 

404. Deep ravines are cut into the coal-field, and 
ihese are of great value in opening the coal, making it 
accessible and easy to mine. The Sewanee coal mhi6B 
have this advantage, as well as a large scope of couii^ 
try lying to the east and north. Fully one-fourth of 
this region contains the Upper Measures. 

In parts of Anderson and Claiborne counties the 
main conglomerate sinks down to the level of the 
valley, nevertheless the mountains here are much higher 
than in any other part of the coal-field, and the 
fieams of coal are more numerous. 

405. (luantity of Coal. — It is estimated that a coal- 
hed one foot thick will yield 1,000,000 tons, or 25, 
000,000 bushels, to the square mile. The coal-seams 
of Tennessee, all placed together, would make a bed 
•eight feet thick all over the coal-field. This would 
give 8,000,000 tons to the square mile, or 40,000,- 
000,000 tons for the State. The present rate of con- 
sumption is about 400,000 tons annually. At this 
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rate it would take 100,000 years to exhaust our coal 
supply. 

406. duality of Tennessee Coal. — There are two 
leading varieties of coal, BituminoiLs and Anthracite. 

Bituminous coal yields, when heated, a mineral tar, 
and also an inflammable gas. Tliis mineral tar burns 
like bitumen, with a yellow, smoky flame, giving out 
the same odor, and hence the name. There is no 
bitumen in the coal, but bituminous substances are 
formed by the action of heat, just as the gas is made 
which lights our cities. 

407. Anthracite has been derived from bituminous 
coal by the action of subterranean heat under pressure. 
In this way it has lost most of the elements which 
form by heat its bituminous or flame-making substances. 
It is, indeed, a sort of native coke, 

408. All the coals of Tennessee belong to the bitaminoos kind. 

These are variable in their yield of bituminous substances. Those coals 
yielding the largest quantity are valuable for making gas. 

Bituminous coals may be classified into caking, non-caking, and can- 
nel coal. 

(a.) Caking coal, which softens and becomes a pasty or semi-liquid 
mass in the fire, from which bubbles of gas escape. When the volatile 
products have been drawn off in partially closed ovens, the fritted mass 
which remains is called coke. This is used in the manufacture of iron. 

(6.) Non-caking coal, which does not soften under heat. Under this 
may be included cherry or soft coal, which ignites readily and bums rapidly; 
tplini or hard coal, which ignites and bums less freely. Free-burning coals 
are those which do not cake, while the caking coals are sometimes called 
binding coals, 

(e.) Gannel coal, or Parrot coal, which is compact, even in texture, 
and of a dull black color, and has not the banded structure seen ia other 
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ooals. Some varieties, when ignited, hum like a candle, from which it 
takes its name. It yields a large proportion of hitnminous oil, which is 
sometimes distilled out of it and used as a coal oil, or huming fluid. 

409. The most valuable constituent of coal is carbon, 
and coals are rich or poor in proportion to the amount 
of carbon they contain, setting aside impurities. Twenty- 
two samples of Tennessee coal, taken from various 
mines, show an average of 64.6 of carbon; 30.61 per 
cent, of volatile matter, and 4.8 of ash. 

Iron pyrite or pyrites, often called sulphur, and slate, 
injure the quality of coal. The coals of Tennessee are 
remarkably free from such impurities. 

II. — Coal Mines and Coal Product. 

410. Coal Mines. — Coal is mined at many places in 
the State. The principal points are the Sewanee Mines 
in Grundy county; the ^tna, Vulcan, and Battle 
Creek Mines, in Marion; the Coal Creek Mines in 
Anderson, and the Soddy and Sale Creek Mines on 
the Tennessee river, in Hamilton county. About seven 
hundred men are kept actively employed in these 
mines, and the coal product is distributed by railways 
to various markets in and out of the State. 

The coal taken out at other places is used in the 
manufacture of iron, or for local purposes. 

411. Coal Product. — In 1854 the amount of coal 

mined in the State was 8,836 tons. Since that period the 

production has greatly increased. In 1875 the quantity 

raised was aboat 400,000 tons, worth in the market 

12 
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$1,200,000. Many new mines are now opening, and for- 
eign capital is seeking employment in the coal region 
of Tennessee, which must, in time, be the theatre of 
immense wealth, and of ceaseless industrial activity. 
The building of an important railway through the 
coal-field will multiply the present production many 
fold. 

412. Brown Coal, or Lignite. — Lignite (from the 
Latin for wood) is an impure, half-formed coal found 
in the more recent formations. In it the w^oody 
structure is not destroyed, and may be easily seen 
with the naked eye. It occupies a place midway be- 
tween the true coal and a mass of dead vegetable 
matter. In appearance it sometimes looks like true 
coal, but has rarely the lustre and compactness of that 
mineral. Sometimes it is of a brown color, spongy 
and light. 

413. Lignite does not take fire readily, but when ig- 
nited burns like rotten wood, and gives out the pe- 
culiar odor of burnt vegetable matter. 

Extensive beds are found in the counties that over- 
look the Mississippi bottoms, especially in Obion, Dyer, 
Lauderdale, Tipton, and Shelby. A bed also occurs 
in Johnson county. 

The seams often overlie each other, with beds of 
clay and sand interstratified, which correspond to the 
shales and sandstones of the Coal Measures. They 
vary in thickness from a few inches to four or five 
feet. These beds do not spread out very far, and 
appear to have been formed from accumulations of 
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drift, or from the former growth of swamps. Some 
varieties of lignite are hard, and when polished pre- 
iseut a brilliant black surface. Such constitute the 
jet used in jewelry. 

414. At Raleigh, in Shelby county, a mine of lignite 
was once opened and worked, and the lignite used as 
a fuel, but it did not prove satisfactory. When used 
as such it must be mined in summer and thoroughly 
*dried, and even then it is inferior to wood as a pro- 
ducer of heat. 

415. ^he student should familiarize himself with this substance, its 
proper place in the formations, and its points of similarity and dissimilar- 
ity to true coal. It is often mistaken for genuine coal, and many fruitless 
-adventures have resulted from ignorance in these particulars, and much 
valuable time and money lost. 

416. ^s-l ^^^ Lignite each has its geological formation, and to 
one acquainted with the elements of geology, the one can never be mis- 
taken for the other. In this one of the practical advantages arising from 
the study of geology may be seen. It serves as a check to wild schemes 
of speculation, and shows the folly of seeking for a substance in a forma- 
tion in which it never occurs. In Tennessee the coal formation is dis- 
tinctly marked, and outside of it true coal is not to be expected. It is 
only through the principles of geology that we can determine with cer- 
tainty the absence of coal, and its probable presence in any given region ,* 
in other words, geology teaches us where to look for coal. 
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CHAPTER XIV. 
Iron Ores and Iron Manufactures. 

I. — Ikon Obes. 

417. Iron Belts. — The iron ores of Tennessee^ aa 
may be seen by referring to the mineral map on page 
173^ lie in four distinct belts: 

I. The Eastern Iron Belt, extending in a north- 
easterly and south-westerly direction through the State, 
and lying at the base of the Unaka Range. 

II. The Dyestone Beli, bordering the eastern base 
of the Cumberland Table-land, and spreading out lat- 
erally from ten to twenty miles into the Valley of 
East Tennessee, including also the Sequatchee and Elk 
Fork Valleys. 

III. The Cumberland Table-land, in which the ores 
are of least importance. This belt corresponds to the 
coal region. 

IV. The Western Iron Belt, lying maihly upon the 
Highland Rim west of the Central Basin, extending 
to the Tennessee River, and including the counties of 
Decatur and Benton beyond. 

418. I. The Eastern Iron Belt. — This belt runs 
through the counties of Johnson and Sullivan, Carter, 
Washington, Unicoi, Greene, Cocke, Sevier, Blount, 
Monroe, McMinn, and Polk. 

In this belt there are three classes of ores, viz.: 
lAmonite, hematite, and magnetite. These ores may all 
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be recognized by the color of the powder obtained 
by pulverizing them ; that of the limonite being yeU 
low; of the hematite, red; and of the magnetite, 
black. 

419. Of these the limonite, sometimes called brovm 
hematite, is the most abundant, and is the same in com- 
position as iron rust. When pure it yields nearly 
sixty per cent, of iron, the other ingredients being oxy- 
gen and water. It occurs in many forms, and from 
these forms the common names are taken. Thus we 
have shot or pea ore, honey-comb ore, pipe ore (like 
a bundle of pipe stems or rods adhering), pot ore, 
needle ore, yellow ochre, and compact ore, Limonite, 
as the name indicates (from the Greek word for 
meadow), is frequently found in bogs or marsnes beau- 
tifully laminated, being a sedimentary deposit from 
the decomposition of other ores. Thus we have the 
bog ore, 

420. In the Eastern Belt the limonite occurs mainly 
in the compact form, often in nests, and in shapeless 
masses. It is not found in the highest mountain 
ridges, but in spurs and foot hills, mingled with red 
and yellow clays, and cherty masses. Some good 
banks are found in valleys and coves. In Greene 
xjounty it is associated with a mineral known as ox- 
ide of manganese, from which the spiegdeisen (pro- 
nounced spe-gel-i'-sen) or looking-glass iron is made. 
This is employed in the manufacture of Bessemer steel, 
from which steel railroad bars are produced 
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421. The Hematite (signifying bloodstone) differs fron^ 
tlie limonite, theoretically, only in having no water in its^ 
composition. Practically, however, this ore always con- 
tains from 1 to 4 per cent, of water. When the 
limonite is heated sufficiently to expel the water, it 
becomes the red oxide or hematite. Free from im- 
purities, it yields about 70 per cent, of iron. One 
variety of this ore, when sufficiently soft, is used for 
dyeing, and hence comes the name, Dyeatone. 

422. '^^la ore occurs at many localities in the Eastern Belt. In the 
valley of Stoney creek, in Carter county, it is found in massive layers from 
one to two feet in thickness, regularly bedded, and rests upon a thin bed of 
conglomerate, holding small pebbles. It is found in Sullivan county, in 
a vein-like mass, nearly vertical ; in Monroe and Cocke counties, in com- 
pact masses, and on Cross mountain in angular nodules. South-west of 
Athens a very large bed of hematite occurs in the Lower Silurian. A 
similar ore of the same age outcrops in Loudon county. 

423. Magnetite. — This is the richest of all the iron 
ores, yielding, when pure, about 72 per cent, of ex- 
cellent iron, which is highly esteemed for the manu- 
facture of steel. The ore takes its name from its 
magnetic properties, being attractable by the magnet. 
It occurs in the metamorphic formations in compact, 
heavy masses of a brittle texture, and an iron black 
color, associated with hornblende and pyroxene. In 
the state of Tennessee it is found in workable quan- 
tities only in the spurs that run down into Crab 
Orchard Valley in Carter county, where it has been 

* 

worked in forges for many years. Much of the orfr 
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in this place is the true loadstone^ attracting iron fil- 
ings like a magnet, and conferring the same property 
as the steel. Very large deposits of this ore, ex- 
tending for twenty miles, lie just beyond the Ten- 
nessee line in North Carolina, and which, in time, 
must be worked by the coal of Tennessee. Its av- 
erage yield is over 60 per cent, of metallic iron. 

424. II. The Dyestone Belt.— This belt embraces 
three or four lines of ore nearly parallel. Beginning 
at the south, the most important enters the State near 
Chattanooga, running continuously along the eastern 
base of the Cumberland Table-land, and passing into 
Virginia at Cumberland Gap. The other lines are 
more interrupted by breaks or gaps. One of these 
lies on the west in Sequatchee Valley. 

425. The ore of this belt is a variety of hematite, 
yielding usually about 56 per cent., but when pure 
about 70 per cent, of iron. It is called dyestone 
because it is often used for dyeing purposes. It is 
also called fossil ore, from the great abundance of 
fossils it contains. These fossils are usually casts of 
crinoidal buttons, small corals, shells, and fragments 
of trilobites. The ore also abounds in small, flat- 
tened oolitic bodies,' and for this reason is sometimes 
called oolitic ore. When freshly quarried it has a 
bright reddish color, sometimes nearly scarlet. At 
some places it has a royal purple color. It is often 
hard enough to be quarried in blocks; again it is 
soft, and easily crushed. . Some of' it presents the ap- 
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pearance of a specular ore having a highly splendent 
lustre. 

426. Unlike the limonite, it is not found in banks 
or "nests," but in regular strata of variable thick- 
ness, ranging from six feet down to a few inches. 
Its most usual thickness is about three feet. The 
stratum skirting the base of the Cumberland Table- 
land dips westwardly under the mountain, while that 
in Sequalehee Valley dips eastwardly, making it highly 
probable that the stratum is continuous under Wal- 
den*s Ridge, the arm of the Table-land that separates 
Sequatchee Valley from the Valley of East Tennessee. 

427. Excellent deposits of this ore are found on 
the Tennessee River in the Half Moon Island region, 
both on the island and on the mainland, in Meigs 
county. It is easily carried by water to furnaces at 
Chattanooga and other points. It is also found in 
abundance in White Oak mountain, in James county. 

The layers of the dyestone are attended with red 
and greenish shales, and thin, even-bedded sandstones. 
These, with the ore, make up the Dyestone formation, 
a part of the Niagara geological series (page 143), 
Two other formations, the Black Shale and the Sili- 
ceous Group, are associated with the Dyestone group 
in the same ridges, the ore being the lowest. 

428. The counties containing this ore in workable 
quantities are Hamilton, Bradley, James, McMinn, Meigs, 
Rhea, Roane, Anderson, Campbell, Union, Grainger, 
Claiborne, and Hancock; Marion, Sequatchee, and Bled- 
soe. 



IRON ORES AND MANUFACTURES. 185 

429 ^^6 Dyestone Belt offers great advantages for the cheap man- 
ufacture of iron. In many places coal, ore, limestone for flux, and sand- 
stone for furnace hearths, are all found within a few hundred yards of one 
another, and near transportation. A railroad connecting Chattanooga 
with Cincinnati is also building parallel with the most important seam, 
and near it. 

430. The Belt of the Gumberlaiid Table-land.— The 
iron ores of this belt have never been used in the 

manufacture of iron, though the same character of ores 
is largely used in England, and in some of the states 
north. They are known as clay iron atones and black 
band. They occur in nodules, and sometimes in lay- 
ers, in greater or less quantities, throughout the area 
of the coal formation. At one place near Sewanee 
there is a ledge three feet thick, extending for more 
than a mile. This, however, is a siliceous brown 
hematite. These ores rarely yield more than thirty 
per cent., usually not over twenty. 

431. The Western Iron Belt. —This belt is fifty 
miles wide, and runs through the State from north to 
south, embracing an area of 5,400 square miles. (See 
map on page 173.) It also extends northward into 
Kentucky to the Ohio river. The following counties 

' are included in the belt, viz. : Lawrence, Wayne, Har- 
din, Lewis, Perry, Hickman, Humphreys, Dickson, 
Houston, Montgomery, and Stewart, on the east side 
of the Tennessee river, and Benton and Decatur on 
the west. The geological formations of this region 
tave been spoken of on pages 151, 152. 

432. The different varieties of limonite are found 
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in this belt. The ore usually occurs in spurs or 
ridges, associated with cherty masses and gray and red 
clays. The lumps of ore are variable in size, and 
are disposed in no regular order in the banks. 

The principal typical features of a bank may be 
thus noted : 

1. A covering of clay and chert and rounded gravel four or five feet 
in thickness, which constitutes the ^'stripping." 

2. Below this covering a bed of clay, flint, and sand, with ore. 

3. The ore lying scattered at irregular intervals through this bed, 
Bometimes in layers, with intermingled chert and clay; sometimes in 
*^ nests," and sometimes in large, irregularly shaped masses, several feet in 
thickness ; again in lumps from the size of a walnut down to a grain of 
corn. 

4. The course of the ore is marked by tortuous dark veins or seams 
winding through the banks in different directions, and sometimes swelling 
out into rounded or shapeless masses of varying thickness. These are the 
principal characteristics of every bank. 

433. The pot ore, so usual in these banks, is a 
hollow concretion filled with water or decomposing 
chert. Occasionally one is found enclosing the coral 
(Lithostrotion canadense) represented on page 153. 

The ridges or hills containing deposits of ore 

vary in height from fifty to three hundred feet or 

more. Deposits -are sometimes, though rarely, met 

with in the valleys and river basins. 

434. The best dt^iosits yet discovered are those near the Cumber- 
land and Tennessee rivers in Stewart county ; in the south-western comer 
of Montgomery ; on Barton's and other creeks in Dickson county ; in a se- 
ries of hills north and south of Gentreville in Hickman county; on Chiefs 
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creek in Lewis county ; and on Shoal creek in the south-western part of 
liisiwrence county. Numerous rich deposits are also met with in Decatur 
and Benton counties, a few miles from Tennessee river. All these locali- 
ties may be regarded as iron centres, around which are grouped a series of 
hills and ridges abounding in limonite. 

435. A fine powdery ore, though sometimes com- 
pact in layers, mostly hematite, occurs in several knobs 
not far from Clifton, in Wayne county, the only lo- 
cality in the western belt where this red ore is found. 
This ore is valuable for making paint, being a deep 
Spanish brown. There are a few counties on the 
eastern side of the Highland Rim containing considera- 
ble quantities of ore. White, Putnam, and Warren 
having the largest deposits. 

436. Charcoal is the only fuel used in the man- 
ufacture of iron in the eastern and western iron belts. 
About 130 bushels are consumed in the making of 
every ton of iron. Stone coal and coke are used in 
some of the furnaces of the Dyestone belt. Coke is 
coal with the bituminous or oily matter burnt out. 
About 80 bushels of coke are used in the production 
of a ton of iron. Stone coal was first used for mak- 
ing iron in Tennessee at Rockwood, in Roane county, 
in 1868. 

II. — Iron Manufactures. 

437. Iron is called the king of metals. It enters more into the 
domestic uses than all other metals combined. To it man owes his most 
efficient implements and tools. To it we are indebted for our steam en- 
gines, for our railways, for our telegraphic communication, for our great 
steam vessels, and for that power which, as intelligent beings, we exercise 
over the domain of nature. The magnetic compass which fixes the bound- 
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aries of oar lands, and enables ub to move with certainty and safety 
across fathomless oceans, owes its origin to the properties of this metaL 
The degree of enlightenment among nations is measured by its use ; those 
consuming the greatest quantities being those that have made the greatest 
progress in the arts and sciences, and in the comforts and conveniences of 
civilized life. 

438. There are three classes of iron products^ viz.: 
cast or pig iron, wrought or soft iron, and steel. 

439. Cast or Fig Iron. — This is the immediate 
product of the furnace, and has a specific gravity of 
7.27. It has a granular structure, is hard, and read- 
ily broken. It may be melted at a high heat and 
run into moulds, by which means we obtain our cook- 
ing utensils, stoves, car wheels, and other "castings.'* 
It is not malleable, that is, it cannot be hammered 
as wrought iron or steel. About 48,000 tons of cast 
iron, valued at $1,000,000, is the average annual pro- 
duction of the State from about 21 furnaces. Of 
these five are in the Eastern belt, five in the Dye- 
stone belt, and eleven in the Western belt. Estab- 
lishments for making car wheels are in operation at 
Knoxville and Chattanooga. 

440. The Smelting of Ore. — ^To make cast or pig iron when 
charcoal is used, tlie ingredients are put in the furnace in ahout the fol- 
lowing proiwrtions : 

800 pounds ore. 

80 pounds limestone. 

20 bushels of coal. 
This is called a charge^ and will make about 360 to 400 pounds of iron. 
When put in, the furnace is intensely heated. The limestone is soon con- 
verted into lime, which unites with the sand, clay, and other impurities 



IRON ORES AND MANUFACTURES. 189 

of the ore, forming a fusible impure glass. This, being lighter than the 
melted iron, floats on top, and is drawn ofl* as slag. The white hot char- 
coal takes the oxygen from the ore, and sets the iron free, which, settling 
at the bottom of the fumce as a liquid mass, is drawn off into small gut- 
ters or channels made in sand. When cooled it is taken up, and is called 
pig iron. The limestone is called a fluxy because it melts with sand and 
clay into Rjlomng slag. The whole process is called smelting. 

441. Wrought or Soft Iron. — This is most usually 
made of pig iron by remeltiiig and stirring or work- 
ing it when so melted. The process is termed pvd^ 
dling. The object of puddling is to expose every 
portion of the mass to the flames of the furnace, so 
as to burn out the carbon. With the loss of car- 
bon the iron loses its fusibility, and becomes tough and 
malleable. Ik is also changed from a granular to a 
fibrous texture, and may be bent or twisted without 
breaking. When taken from the furnace it is ham- 
mered ^r rolled into bars. During the process its 
specific gravity is increased from 7.27 to 7.78. 

442. Wrought iron is also made directly from the 
ore by a single fusion in small forges called Catalan 
forges. The ore is pounded, mixed with charcoal, 
and subjected to a moderate heat. 

About eighteen of these forges are in operation in 
Johnson, Carter, and Campbell counties, making on 
an average each about 300 pounds of bar iron a day 
or about 800 tons annually, worth $64,000. Mallea- 
ble iron is made from pig iron at Chattanooga for 
railroad bars, and at Knoxville into strips for making 
nails. 
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448. The presence of sulphur or phosphorus in 
wrought iron is exceedingly injurious. Phosphorus 
makes the metal cold short, or liable, when bent cold, 
to crack. Red shorty due to the presence of sulphur, 
is the name given to iron which cracks when ham- 
mered at a welding heat. 

444. Steel. — This is soft iron combined with car- 
bon in the proportion of one part of carbon to about 
140 of iron. It has a specific gravity of about 7.75. 
Steel is both malleable like wrought iron and fusible 
like pig iron, and stronger and harder than either. 
It is also susceptible of receiving a fine, cutting edge^ 
which makes it of incalculable value in all the arts. 
Steel is manufactured to some extent at Kingston, and 
an association has been formed for that purpose at 
-Chattanooga. 

445. The advantages that Tennessee oflfers for the 
manufacture of iron are: • 

1. The ores are easily mined and easily reduced 
in the furnace, and are generally free from damaging 
impurities. 

2» The ores exist in great variety, and by mix- 
ing them properly almost any grade of iron can be 
made. 

3. These ores occur in abundance .near railroads 
and navigable streams, which give an outlet to the 
markets of the world. 

4. They lie near limestone and stone coal, and 
in regions where heavy forests of timber abound for 
the making of charcoal. 
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5. The mildness of the climate and the product- 
iveness of the soil make the cost of living, and con- 
sequently labor cheap. 

6. The low price of iron and coal property, by 
which a smaller amount of capital is required. 

7. Cheap material for the construction of blast 
/urn aces, and an abundance of water power. 



CHAPTER XV. 



other Useful Minerals. 



446. Under this head we shall embrace the ores of copper, zinc, and 
lead ; gold, iron pyrites, oxide of manganese, barite or barytes, copperas, 
alum, petroleum, salt, nitre, epsomite, gypsum, and the mineral waters — 
all of which exist in greater or less quantities in the State. 

I. — Copper. 

447. The Copper District. Copper takes the third 
rank among the useful minerals of Tennessee. The 
-copper-bearing district lies in Polk county and is con- 
fined to a mountain basin containing about forty square 
miles and elevated 1^800 feet above the sea. Hills 
and ridges characterize the surface of this basin, and 
it is rendered still more rugged by the presence of 
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gneissoid rocks and metamorphic slates^ that stand out 
prominently in the valleys and on the slopes and top& 
of the hills and ridges. The sterile aspect of the 
valley is further increased by its nakedness, most of 
the timber having been cut off for the manufacture 
of charcoal, and much of that which remains being 
dead and in a decaying condition. The whole of the 
copper region lies in the Metamorphic formation. (See 
page 121). The strata of the valley dip at a high 
angle towards the south-east. 

448. Copper Veins. The copper ores are in three 
veins, which lie at considerable distances from one 
another. These veins of ore are plainly marked. Upon 
the top of each vein is an impure iron ore called 
gossan J from a German word for "cap." 

449. Ores of Copper. Beneath the gossan are found 
many varieties of copper ores, the principal ones being: 

1. Black Copper or Tenorite; an oxide of copper, 
occurring as a black powder in dull black masses and 
yielding from 60 to 70 per cent, of metal. This, 
when the mines were first opened, was the most abun- 
dant ore. 

2. Cuprite or the Red Oocide of Copper^ associated 
with the last and yielding about 89 per cent, of copper. 
Its color is deep red, with various shades. 

3. Malachite or Oreen Carbonate of Copper, having 
a light copper green color, yielding about 72 per cent, 
of metal when pure. Some of it admits of a high 
polish and can be used in making jewelry and orna- 
mental work. 
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4. Azurite or Blue Carbonate of Copper, of a deep 
blue color, yields 69 per cent, of the oxide of copper. 

5. Copper Pyrite or Chalcopyriiey a sulphid of 
copper and iron, having a brass yellow color. It 
contains, when pure, 34.6 per cent, of copper, 30.5 
per cent, of iron, and 34.9 of sulphur. 

This ore resembles gold, and iron pjrite. It is distinguished from gold 
by crumbling when cut, and from iron pyrite in yielding easily to the 
point of a knife, and in not striking fire with steel. This is now the mo«t 
abundant copper ore worked in the furnaces at Ducktown, which is tbe 
name by which the copper region of Tennessee is known. 

6. Native Copper, occurring in branching, or as it 
is called, dendritic forms, (from a Greek word signify- 
ing tree.) But a small quantity of this exists. 

7. Blii£ Vitriol or Chaloanthite is the sulphate of 
copper. It has a sky-blue color and yields about 32 
per cent, of the oxide of copper. Many beautiful masses 
have been met with in the mines. 

460. Several other ores of copper are found to a 
limited extent, but have little practical value. 

451. Copper Product. One incorporated company is 

in active operation. It employs between five and six 

hundred persons. The amount of refined copper made 

annually is about 1,400,000 pounds, worth over $1^00.- 

000. Sixteen furnaces are required for reducing tne 

ores. One other mine has just been opened, called 

the London mine. This and the Eureka mine wii) 

be worked by individuals. 
13 
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II. — Zinc. 

452. Ores of Zinc. Three ores of zinc are found in 
Tennessee: Sphalerite or Zinc Blende; Bmithaonitey and 
Calamine. 

Sphalerite is a sulphid of zinc. It has a brown- 
ish yellow color with a resinous lustre, and is very 
brittle. When pure it yields about 67 per cent, of 
zinc and 33 of sulphur. 

Smithaonite is a carbonate of zinc, of a white gray 
or light brown color, sometimes green. it is easily 
broken, has a pearly lustre and will eftervesce with 
acids. It contains 64.54 per cent of the oxide of 
zinc and 35.46 carbonic acid. 

Calamine. This is a silicate of zinc, of a whitish 
color, sometimes tinged with blue, green or brown. 
It dissolves in heated sulphuric acid. It contains 
67.4 per cent, of the oxide of zinc, 25.1 silica, and 
7.5 water. 

These ores are all found associated more or less 
with galena, or the sulphid of lead. The two most 
important are the smithsonite and calamine. They 
occur in massive and in irregular veins in the Dolo* 
mytes of the Knox Group, and sometimes incrusted on 
the rocks in stalactitic and mamillary forms. Zinc blende 
is also found in the same formation associated with 
galena. 

453. Zinc Deposits. The most extensive deposits 
of zinc ores yet found in the State are in Claiborne, 
Union and JefiFerson counties. In Union county, near 
Powell's River, is a belt fifty or sixty feet wide, in 
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which the two ores^ smithsonite and calamine^ appear 
lo be abundant. The belt is easily traced by the 
absence of trees. 

The veins appear to run vertically into the rocks, 
and are from a few inches to several feet in thick- 
ness. These veins with the network of siliceous mat- 
ter form the belt. The rocks on each side of the 
belt are shales and blue magnesian limestones of the 
Knox Group. (See page 128.) Some of the ore is 
flow shipped to New York. Its quality is excellent. 

464. At Mossy Creek, in Jefferson county, are nu- 
merous irregular veins of zinc ores in rocks of the 
same formation. For some years the oxide of zinc 
was made from the ores of the vicinity in an estab- 
lishment at this place. This oxide is used for making 
white paint. 

From Mossy Creek to Loudon, a distance of sixty 
miles, zinc ores are found at numerous points, but 
generally in small quantity. 

III. — Lead. 

455. Ores of Lead. Galena and Gerussite both oc- 
<5ur in the State. 

Galena is a sulphid of lead, and the most important 
ore of that metal. It is easily recognized by its 
leaden color and metallic lustre. When pure it con- 
tains 86.6 per cent, of lead and 13.4 of sulphur. 

Cervssite is a carbonate of lead, and has the same 
composition as the white lead used in painting. It is 
usually stained a gray or brown color. Its containb^ 
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83.46 per cent, oxide of lead^ and 16.54 carbonic acid» 
It efiPervesces with nitric acid. An analysis of that 
found at Leadvale^ in Jefferson county, shows about 
69 per cent, of lead. 

456. Almost every county in the eastern part of 
the State has deposits of galena. Like the zinc, with 
which it is associated, it is found in the strata of the 
Knox Dolomyte. In Union county it presents itself 
in true veins generally in grains and lumps. In 
Washington county, at Bompass cove, it is disseminated 
in grains through, the mass of rock, with pyrite and 
zinc blende. At other places, as in McMinn county,^ 
it appears in irregular masses or bunches. 

Veins are also found in Monroe, Bradley and Jef- 
ferson counties, all of which have been worked to 
some extent. The one in Bradley county supplied 
some lead during the civil war. That in Jefferson 
county has been more recently worked. At this place 
both the carbonate and sulphid are met with. Many 
veins have been discovered in the Central Basin, one 
of some promise in Williamson county, but they have 
proved of no practical value. Some beautiful speci- 
mens have been picked up in Hickman, Henry and 
other counties. 

IV. — Gold — Iron Pyrites, Oxide op Manga- 
nese, ETC. 

457. Gold. On Coco creek, in Monroe county, 
mining for gold was carried on for many years. The 
total amount taken from that place and coined has 
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not exceeded $50^000. The largest lump found was 
worth about $20. A gold-bearing quartz vein, found 
on a low ridge dividing the waters of Coco creek 
from, those of Tellico, has been worked. No active 
operations are now carried on. 

468. Iron Pyrite or Pyrites. A sulphid of iroUf 
oontaining 46.7 of iron and 53.3 sulphur. It has a 
golden yellow color and is often mistaken for gold, 
which it very much resembles; hence the popular 
name of ^^FooPs Gold." 

It exists everywhere in the State. 

It is found associated with the copper ores in 
Polk county, and occurs in large beds in Carter and 
Greene counties. In Moore and Perry it forms con- 
siderable banks and occurs very generally in the Black 
Shale and Cretaceous strata. 

459. It is of no practical value at present in 
Tennessee. Large quantities, however, as much as 
66,000 tons, are annually raised in England for the 
manufacture of sulphuric acid. As population increases 
and the industries of the State multiply, this substance, 
now so useless, may make an important item in its 
future wealth. 

460. ^^Q student should learn to distinguish it from gold. This 
may be done in several ways : 

1. Gold is malleable and can be easily cut. Iron pyrite can neither 
be cut nor flattened by hammering. 

2. Iron pyrite will strike flre with steel as readily as a flint : gold 
will not strike fire with anything, 

3. Upon a whetstone a black mark can be made with iron pyrite ; 
goM gives a golden yellow metallic streak. 
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4. If coarsely pulverized and roasted in a shovel to a red heat, pyrite 
will bum : gold will remain unaffected. 



461. Oocide of Manganese. This mineral is often 
associated with iron ore. It has an iron black color 
and makes an earthy black powder, by which it may 
be distinguished from hematite and limonite iron ores* 
From magnetite, which gives a similar powder, it may 
be distinguished by not acting upon the needle of & 
compass. 

It is used in the arts for the manufacture of a 
bleaching material, and also for painting pottery and 
staining glass. Oxygen gas is also made from it* 
When mixed with iron ores and reduced in the fur- 
nace it produces a peculiar kind of iron, referred to- 
on page 181. 

Like iron, it is found in small deposits all over 
the State, — sometimes the specimens are beautifully 
crystallized. 

462. Barite, Barytes, or Heavy ^or {Sulphate of 
. Baryta,,) A whitish mineral remarkable for its weight. 

It is often pulverized and mixed with white lead for 
making cheap paints. It is found in many localities 
in both East and Middle Tennessee. It usually oc- 
curs in veins associated with galena and is one of the 
minerals forming the gangue or enveloping material of 
that ore. About 1,000,000 pounds are mined annually 
in Greene, Washington and Jefferson counties. Con- 
siderable deposits are also met with in McMinn, Smitl> 
and other counties. 
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463. Copperas or Green Vitriol. This is a sul- 
phate of iron, usually derived from iron pyrite. The 
Black Shale, when it is protected by overhanging 
rocks but exposed to the action of the atmosphere, 
crumbles and forms incrustations and deposits of im- 
pure copperas. This is due to the decomposition of 
the pyrite in the shale. 

There are hundreds of such sheltered places called 
"Rock houses," in which masses of copperas may be 
found. One near Manchester, in Coffee county, is 
called Copperas Cave on this account. 

464. Copperas was extensively manufactured from 1861 to 1865 at 
the copper mines at Ducktown from tlie refuse thrown out. This refuse 
consists in great part of iron pyrite. Copperas is employed in the manu- 
facture of writing ink. It is also much used by dyers and tanners, and 

also in cities as a purifying, disinfecting agent. 

465. Alum. This well-known mineral is frequently 
found associated with copperas in the *' Rock houses '' 
in Tennessee. It is formed by the decomposition of 
iron pyrite in contact with clay. It is largely em- 
ployed for dyeing and medicinal purposes. 

466. Petroleum. In Overton county there is a 
number of places where oil oozes from the surface, 
forming what are called oil springs. Several wells 
have been bored in that county and in Dickson. 
About 10,000 barrels were obtained in Overton county, 
but a want of transportation has put a stop to this 
industry. 
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467. "^^^ Black Shale, by distillation, can be made to yield oil. 
Some beds of this are so saturated with this oil as to bum awhile with 
a bright flame when thrown upon coals. For this reason it has often been 
mistaken for stone coal. It differs from coal in not burning to ashes, the 
lumps remaining the same size, the oil only burning out. The richest 
shale yields from thirty to forty gallons of oil to the ton. It is not un- 
common in Great Britain to get sixty or eighty gallons to the ton. The 
coal oil used in the United States is refined petroleum, and is more ex- 
tensively empJoycd than all other materials for illuminating puri>09es. 

468. Salt. Salt water has been ' found in Anderson^ 
White, Van Biiren, Warren, Overton and Jackson 
counties. In Anderson and White counties salt has 
been made within a recent period. The wells of 
White county yielded for many years fifty bushels per 
day. No salt of consequence has been made in the 
State since 1865. 

469. Nitre, There are numerous caves in the lime- 
stone formation that supply a nitrous earth from which 
nitre is obtained by lixiviation. Works were in active 
operation at many points during the war of 1812, and 
for a while during the late war. Nitre is one of 
the constituents of gunpowder, the others being sulphur 
and charcoal. 

470. Epsom Salts or Epsomite This mineral is 
found associated with alum and copperas. 

471. Gypsum. No beds of gypsum have been found 
in the State of sufficient extent to be of any economic 
value. Small crystals have been observed in the soil 
east of Bay's Mountain. It is sometimes found in 
concretions of iron ore called pots, (page 186), and 
also mixed with nodules of iron in the Western Iron 



OTHER USEFUL MINERAI*S. 201 

Belt. It occurs in some of the lead veins. In some 
caves it takes the form of dazzling incrustations, often 
appearing as snowy rosettes, or icy vegetation. Beau- 
tiful specimens of Selenite or crystallized gypsum have 
been found in Williamson county. 

472. Mineral Waters. Tennessee abounds in min- 
eral waters, embracing Chalybeate, Sulphur, Magnesian 
and Alum. Chalybeate springs break out from the 
lofty heights of the Unaka range, as well as from the 
Cumberland Table-land. Along the base of the Clinch 
and Chilhowee mountains numerous springs of sulphur 
water take their rise, sometimes singly and sometimes 
in groups. 

The counties of the Highland Rim are noted for 
the excellence and value of their sulphur waters. 
Henry and Hardin counties of the Plateau Slope, have 
many springs and wells which supply sulphur water. 
From some of these wells it pours forth in great 
volumes, forced up by pressure. The sulphur well in 
Henry county yields 100 gallons per minute. 

The Black Shale is the most fruitful source of the 
sulphur waters all over the State. The alum waters 
- of Hawkins, Grainger, Humphreys and other counties, 
also owe their origin to the same formation. 

473. Many of these springs have reputations on 
account of their healing virtues. Many chalybeate 
springs are located in regions where the pure air, 
magnificent scenery, cooling breezes, and other health- 
ful influences make them favorite resorts in summer 
for invalids and others seeking recreation. 
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CHAPTER XVI. 

Useful Rocks and Clays. 

474. We now turn our attention to such rocks and clays as are of 
practical use. The material with which we conntruct or ornament our 
buildings, build our roads, lay our pavements, make our fences, grind our 
flour, and fertilize our lands, are well worthy the attention of the student. 

475. Limestones. Limestones suitable for building 
abound in nearly every portion of the State. Through- 
out the Valley of East Tennessee, the Highland Rim 
and the Central Basin, they constitute a large propor- 
tion of the rocks. They are of dull shades of color, 
running from a pearly gray through yellow, dove- 
colored, red, brown, and black. 

Many of these limestones are heavy bedded and 
compact and furnish excellent and durable building 
rock. Others are laminated and sandy and crumble 
down by exposure to the weather. 

In Bedford county a flexible limestone occurs which 
works easily. Another variety resists the action of 
fire and is called fire rock. Both are highly prized 
for building purposes. 

476. T^^^ State Capitol is built of a laminated limestone that 
shows its sedimentary character in numerous horizontal bands. It is in 
reality a consolidated bed of calcareous sand. It is a bluish gray color, 
streaked with belts more or less dark. These belts are brought out prom- 
inently in the round columns and give them a pleasing appearance, p. 135. 
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477. Some limestones are excellent for making 
lime, and at many points on the railroads thousands 
of barrels are burnt and shipped every year. 

478. Marble. This is a granular and crystal- 
line limestone usually, but any limestone that will 
take a good polish and will look well after it is pol- 
ished, is termed a marble. 

Marble is an architectural rather than a geological term. 

479. The marbles of Tennessee have acquired a 
richly deserved fame throughout the United States on 
account of their beautiful appearance and high polish- 
ing qualities. There are several varieties : the black, 
gray, magnesian, fawn-colored, red variegated, conglom- 
erate and breccia. 

The black marble, sometimes beautifully streaked 
with white veins of calcite, is found in Washington, 
Greene, Sevier, Blount and other counties in the eastern 
part of the State. It is easily worked, and makes 
quite a handsome appearance when polished. The 
black color is derived from the presence of bitumen. 

480. The counties which have furnished the largest 
supplies of gray and variegated marbles are Hawkins 
and Knox, though many others, as Jefferson, Loudon 
and McMinn, have large quantities of it. In Haw- 
kins and Knox the marble lies in strips sometimes 
many miles in length. It forms occasionally bold 
bluffs on the rivers. 

481. The red variegated is prized for its pleasing 
appearance, and is used mainly in finishing and dec- 
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orating the interior of buildings. When polished it 
shines with a glowing brilliancy; the reddish and whit* 
ish spots that appear on its surface giving it a deli- 
cacy and richness of tint that is very beautiful and 
attractive. 

482. 'I^his variety was used in ornamenting the State Capitol and 
many of the public buildings in Washington City and elsewhere. The 
Custom House at Knoxville is built of the gray marble found at the mouth 
of the French Broad river. 

483. Brown and flesh-colored marbles are found 
in Jefferson and Hamblen counties in great abundance. 
A fawn-colored marble occurs in Lawrence county on 
the Highland Rim, overlaid by iron ore; and the 
gray and red variegated in Franklin, Lincoln and other 
counties in the Central Basin. Coarser marbles are 
found in Hamilton, Benton and Henry counties. 

The Magnesian marble occurs only in the Knox 
Dolomite. It is too dull in color to be attractive, 
nevertheless it is considered a good building stone. 

484. Some limestones are made up of rounded 
pebbles. When these are susceptible of a high polish, 
they constitute the conglomerate marble. When the 
imbedded fragments are angular, it is called breccia 
marble. Both conglomerate and breccia exist in the 
coves and valleys of the Unaka Range. Blount, Mon- 
roe and McMinn counties supply the greatest abund^ 
ance. In some of the conglomerate and breccia 
marbles the imbedded gravel varies in color. When 
polished these look like mosaic work. About ten 
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large quarries of marble are in active operation in the 
State, and large quantities of the gray and red varie- 
gated are shipped north for ornamental purposes. 

485. Gneiss or Stratified Granite. This is, ordinarily, 
a crystalline compound of quartz, feldspar and mica. 
When hornblende is in the rock it is called syenyte. 
The supply of this rock in Tennessee is very limited. 
Quarries could be opened at a few places in Johnson, 
Carter and Washington counties, from which gray and 
flesh-colored granites might be procured. A compact 
hard greenish granite in which the epidote replaces 
hornblende, called Vnakyte, is found in Cocke county. 
It is very hard and resists well the erosion of water 
and the action of the atmosphere. 

486. Sandstones. These are abundant in every part 
of the State, and are much used for building purposes. 
Some, as the Clinch mountain and Chilhowee sand- 
stones, are very hard and difficult to work; others 
are soft and may be hewn with an axe. These softer 
sandstones are found above the St. Louis limestone, 
in the counties of the Highland S*im. A variety, 
beautifully laminated, is also found in the Upper Coal 
Measures. This sandstone is often nearly white and 
of good grain, making handsome structures. It is 
called a freestone, because it works easily under the 
hammer. Some of these sandstones of a bluish color 
make good whetstones. 

487. Flagstones. Sandstones occur often in thin 
sheets or layers suitable for making pavements and 
hearths. These are called flagstones, and abound in 
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White, Bledsoe and other counties of the Highland 
Rim, and also upon the Cumberland Table-land. They 
occur in layers of varying thickness. 

The iron limestones of East Tennessee are thin 
bedded and make good flag-stones. 

488. Orange Sandstone. A red hard ferruginous 
conglomerated sandstone, is found in isolated masses 
in West Tennessee, and serves a good purpose for 
making foundations to buildings. It belongs to the 
Orange Sand formation and supplies a want in that 
portion of the State where building stones are very 
scarce. A notable outcrop of this occurs at Millstone, 
in Tipton county. 

489. Saccharoidal Sandstone. A saccharoidal sand- 
stone of a dazzling white color is found in Benton 
county. It is quite hard and durable. 

490. Hydraulic Eocks. The best rocks for making 
hydraulic cement, that is, cement which will set under 
water and become hard, are impure carbonates of lime. 
The impurities consist of clay, silica, and often mag- 
nesia. These cement rocks abound in Hardin, Wayne, 
White, Decatur, Warren, Montgomery, Knox and Mc- 
Minn counties. Several other counties furnish good 
quarries. Cement is now made in Hardin county, 
near Clifton, and is highly esteemed for plastering 
<jisterns and making structures under water, as bridge 
piers. In Knox county cement is made of the brown 
calcareous shales. 

491. Roofing Slate. In the Ocoee group are strata 
of a pale green, semi-talcose slate, from which good 
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roofing material may be made. This slate, when free 
from pyrite, is very durable.r It splits easily into 
thin plates with smooth surfaces. Polk, McMinn, 
Monroe, Sevier, Blount and Cocke counties have an 
inexhaustible supply. 

492. Millstone Grit. Stones suitable for the grind- 
ing of grain exist in various counties. The quartzose 
gneiss in the metamorphic formation has been used 
for making millstones. Several localities in Johnson 
and Carter supply such rocks that answer well for 
grinding corn. 

493. The masses of chert included in the strata 
of the Knox Dolomyte have been found to make very 
excellent millstones. Some of it has a suitable cellular 
structure, especially where it has been exposed to the 
weather. Claiborne, Jefferson and Knox counties 
abound in this rock. It is a true buhrstone. Im- 
mediately below the Black Shale formation occurs a 
Tock at places which consists of a bed of shells closely 
compacted and silicified, giving it where exposed a 
surface filled with cavities. The millstones manufac- 
iured from this rock are thought to be equal to the 
French buhr. Trousdale and Coffee counties have 
the finest presentations of this material. 

Millstones for grinding corn have been made of the 
conglomerate of the coal measures. ' 

494. Lithographic Stone. Almost all the stone used 
by engravers in the United States for making maps 
has been imported from Germany. Recently a bed 
of compact grayish colored limestone in McMinn county 
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has been tried and found to give excellent impressions. 
A quarry has been opened about eight miles south-east 
of Athens, and the stone is now coming into exten- 
sive use in Cincinnati and other points. This bed 
belongs to the Lower Silurian formation. 

A fine compact stone of even texture and con- 
choidal fracture, underlying the sandstone of the Cum- 
berland Table-land, may be used for lithographic pur- 
poses. 

Specimens from Jefferson county show all the char- 
acteristic features of the lithographic stone of McMinr 
county. 

495. Clay for Fire Bricks. Numerous deposits oi 
tire clay are found in Stewart and Houston counties. 
The bricks made from it have proved as durable in 
fire as those brought from Liverpool. The color of 
the clay is a grayish white. Good fire clay should 
contain no lime, magnesia or iron. 

The clays underlying some of the coal seams have 
been used in making fire bricks, as well as some of 
the grayish shales after being pounded into a powder. 

496. Potters* Clay. Potters^ Clay has an unctious 
feel and should be free from iron. Inferior pottery 
is made from a ferruginous clay in White county. 
The best clays in the State are of a whitish color 
and occur in Hickman, Perry, Wayne, Montgomery 
Houston, and in many of the counties of West Ten- 
nessee, especially Henry and Benton. 

Kaolin. This results from the decomposition of 
feldspar, and is found in small quantities in Carter 
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county. This is the real porcelain clay. From this 
is made the best table ware. 

497. Natural Fertilizers. The Green Sand of the 
Cretaceous formation in Hardin, McNairy and Hen- 
derson counties contain variable quantities of potash^ 
which is one of the constituent elements of glauconite 
or green earth, a mineral of a greenish color, that is 
found disseminated among the masses of decomposed 
marine shells. Carbonate of lime is also a constituent 
of the shells. . Phosphoric acid, a most powerful fer- 
tilizer^ is also found in composition, and the value of 
the green sand depends in part upon this ingredient. 

In some of the samples of green sand an analysis 
shows about 50 per cent, of silica, 10 of potash and 
phosphoric acid, and from two to ten per cent, of 
carbonate of lime, besides alumina and protoxid of 
iron. This mass of fertilizers will some day be util- 
ized in reclaiming the waste places that now disfigure 
such a large portion of the enclosed lands of the 
State, (p. 162.) 

498< Glass-making Material Good sands for the 

manufacture of glass are found in the State. The 

glass in the State Capitol was manufactured at Knox- 

ville from sand obtained on the opposite shore of the 

Holston River. Good sand is also found at Coal 

Creek in Anderson county, near coal and limestone. 

The loosely compacted conglomerate or pudding stone 

found upon the top of the Cumberland Table-land, 

when blasted resolves itself into a bed of white sand 

and pebbles. The sand is separated, washed, exported 
14 
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and used in the manufacture of the best plate glattu 
The sand of Hardiu county has given satisfaction at 
the glass works where it has been used. 



CHAPTER XVII. 

Tennessee Soils; their Connposition and Formation, Classi- 
fication and Productiveness. 

499. Soil and Subsoil. The soil is that portion of 
the earth's surface which can be cultivated, or which 
is usually stirred by agricultural implements. The 
subsoil rests immediately under the soil proper, and is 
also sometimes stirred by deep culture. 

500. Composition of Soils. Soils consist of two 
parts, the organic and inorganic. Th« organic part 
is derived from vegetable and animal matter, and may 
be burned away by heat. The inorganic part remains 
after burning, and is composed of earthy and saline 
substances. The inorganic may be soluble or insoluble 
in water. The soluble portion consists of saline mat- 
tei, and the insoluble of earthy material, which con- 
stitutes about 95 per cent, of the whole weight of the 
soils. 

The principal insoluble ingredients are sand, clay 
'and carbonate of lime, with a small per cent, of the 
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oxide of iron, which gives them color. Minnte por- 
tions of magnesia, phosphates of lime and other ingre- 
dients are also found. 

501. Formation of Soils. — The soils of the State^ 
are derived mainly from the disintegrating or crumb- 
ling of the rocks which underlie them. Thus we have 
granitic soils, sandstone soils, limy soils and shaly soils^ 
all differing in constitution and productive capacity. 

The action of water in commingling the various 
ingredients which compose the alluvial soils give them 
a variable character not at all dependent upon* the 
underlying rocks. 

502. Hard rocks are changed into soil by the dynamic forces of 
'heat, water and cold. The heat of the sun expands the rocks ; the rain 

penetrates them and the cold converts the inclosed moisture into little 
wedges, which shell off or disintegrate the thin outer crust. The hardest 
^rocks cannot resist these forces, and in time are turned into a loose soil. 

The various acids, and mostly carbonic acid in rain-water, assist thts 
process by dissolving the rocks. The action of these forces is called 
weathering, 

503. The soils of the State may be classified as 
follows : 

L Granitic. — The soils of the Unaka Bange; rather sandy, micaceous, 
and mellow. Exclusively belonging to East Tennessee. 

IT. Sandstone SoU. — Generally sandy and poor. 

in. Siliceous or Flinty, — Fine, sandy soil of the " poor barrens " of the 
Highland Rim; generally much leached, with the original limestone 
matter dissolved out. 

IV. Sandy Soils. — Underlying rock not consolidated; often fertile: 
important. Exclusively West Tennessee. 
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y. Oaleareo-giliceons, — ^Very fertile ; contains concretionary calcareoii» 
nodules ; important. Confined to West Tennessee. 

VI. OalcareouB Soils, — The most important class of soils in the State ; 
found in all divisions of the State ; derived from limestone rocks, or rocks 
containing lime ; strong, durable, and suited to all crops. 

VII. Green Sarid. — A calcareo-argillaceous mass underlying it, half 
consolidated into rock, often called rotten limestone, which is loaded with 
ifliells of many varieties, among which large oyster shells are specially 
prominent. 

VIII. Shxxly Soil8.-^—Oi varying fertilly ; stifier than the generality of 
soils. 

IX. Alluvium. — Known as river bottoms; black with humus'; ofte& 
called " made lands.'* 

604. The Granitic Soils. — These are confined ex- 
clusively to the counties traversed by the Unaka Range^ 
and more particularly to parts of Johnson^ Carter^ 
Unicoi, Cocke, Monroe, and Polk. Owing to the 
ruggedness of the surface where they prevail, these 
'Boils have not been fully tested for the production of 
ifield crops. At places the soil has a deep black 
.color, and is very friable. Buckwheat, timothy, and 
•potatoes grow well upon the mountain heights. 

505, Sandstone Soils. — There are five varieties of 
sandstone soils, all more or less distinct: 

(a.) Chilhowee Mountain Sandstone soil. 

(6.) Knox Sandstone soil. 

(c.) Clinch Mountain Sandstone soil. 

(d ) Dyestone soil. 

(e.) Soil of the Cumberland Table-land. 

506. (a.) The Chilhowee sandstone yields a soil 
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of moderate fertility. Some areas are found that re- 
pay the labors of the husbandman in the production 
of potatoes^ buckwheat^ and garden vegetables. It 
also produces heavy forests of pine and cliestnut, with 
thick copses of laurel^ holly, and wild honeysuckle. 
Blue-grass, too, in places cover the bald places with 
its verdant turf. 

It is confined to the mountain ridges of Johnson^ 
Carter, Unicoi, Cocke, Sevier, and Blount counties. 
Of all the sandstone soils it is probably the most 
productive. This productiveness, however, may arise 
from the extreme humidity of the climate where it 
prevails, as compared with other portions of the State. 

607. (6.) The Knox sandstone soil is unimportant^ 
being confined to long, narrow, sharp ridges, where 
the surface, by reason of its steepness, is unsuitej^ 
for cultivation. It is confined to the ridges of the 
valley of I^ast Tennessee, and produces timber in lim- 
ited quantities, but is not well adapted to the grasses. 

508. (e.) The Clinch Mountain Sandstone Soil.-^ 
This occurs mainly on the south-east side of Clinch 

Mountain, which traverses Grainger, Hancock, aud 
Hawkins counties; on PowelPs Mountain, which lies 
in Claiborne and Hancock counties; on Lone Moun- 
tain, a continuation of the latter, in the counties of 
Anderson and Union, and on some of the ridges of 
the Bays Mountain group, which lies mostly in Haw- 
iins county. It is thin, sandy, and poor, sparsely 
timbered, and has immediately underlying it large 
sheets of sandstone. It has a pale yellowish color. 
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and is almost entirely destitute of plant food. It is^ 
probably the most unproductive soil in the State. 

509. It i>i<^7 ^ mentioDed as a singalar fact that the north-west 
face of these mountains has a calcareous soil, exceedingly fertile and 
highly productive. It is curious to observe the exuberance of vegetable- 
growth on the one side and the poverty on the other. Stately trees with 
leafy tops, covered with vines and creepers, making an impervious thicket^, 
characterize the one side in its wild state, while the other, covered with a 
hard shield of sandstone, has a poor soil and a thin growth. 

510. (d.) The Dyestone Soil. — This results from the 
Mreathering of the greenish calcareous shales and fine 
sand of the Dyestone group, and is found on the 
east side of White Oak Mountain in James and 
Bradley counties, and on the slopes of the smaller 
Dyestone ridges. The rocks of this group are more 
varied in chemical composition than those of the other 
sandstone soils, which gives more vitality to the re* 
suiting soils. This is manifested in the better growth of 
timber, though owing to the ruggedness of the country 
very small areas have been brought into cultivation. 

511. (e.) The Soil of the Cumberland Table-land.— 
This is the most important of the sandstone soils, in- 
asmuch as it extends over an area of about 5,000 
square miles. This soil is usually sandy, porous, and J 
hifertile, and rests upon a coarse, ferruginous sand- .1 
stone. Nevertheless, at the foot of some of the j 
knobs and ridges, and in some of the depressions. j 
that occur upon the mountain top, there are areas of 
moderate fertility. 
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512. The defects of this soil are porosity^ and a 
want of calcareous matter. Yet, noth\fithstanding its 
porous nature, there are many small swampy places 
in which the soil is of a dark blue color, sometimes 
nearly black. The subsoil of these places is a blue 
clay, and almost impervious to water. These swampy 
spots or swales are usually covered with a coarse, 
rank gras3, and spotted with beds of fern, which form 
a thick mat. Such places abound in half decom- 
posed vegetable matter, and if drained and exposed 
to the correcting influences of the atmosphere, they 
soon become productive. 

513. The fbest soils of this division have a yel- 
lowish red subsoil, with a thin coat of vegetable mold 
on the surface. Though thin, the soils are easily 
cultivated. The greatest agricultural value of this 
portion of the State is to be found in the abundance 
of wild and nutritious grasses that cover the surface 
during the summer months, aflbrding a rich pasturage. 
Apples and grapes also yield plenteously. The soil 
is also well adapted to the growth of garden vegeta- 
bles, and especially Irish potatoes. 

514. Siliceous or Flinty Soil. — This is derived 
from the crumbling of the chcrty masses, and pre- 
vails in most of the counties of the Highland Rim. 
It is the soil of the barrens. Wherever the subsoil 
is so porous as to permit the calcareous matter to be 
leached out, the surface soil becomes hungry, thin, 
and barren. But when the nnderclay is of a deep 
red color, unctions and tenacious, the soil rivals the 
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best in the State in productiveness^ and grows in great 
abundance the staple products. 

Both kinds of soil^ the leached and unleached, are 
found associated together on the Highland Rim, and 
are underlaid by beds of chert. The unleached is 
more properly called a calcareous soil. 

5151 The siliceous soil of the barrens produces 
a coarse, rank, meadow grass, which, when young and 
tender, is highly relished by cattle. The unleached 
or calcareous soil of the barrens is noted for growing 
excellent tobacco and wheat. 

516. Sandy Soils. — Under this head are included 
the varieties of mellow upland and ]|ighland soils 
which occur in West Tennessee. They are based, not 
on solid rock, like the sandstone soils mentioned, but 
upon unconsolidated strata of matter mainly sandy. 
The soils resulting have about the same character 
They are called sandy, or arenaceous, because this min- 
eral feature greatly predominates. They are generally 
red or yellow, from the presence of a notable quan- 
tity of ferric oxide and silicate. 

517. It does not follow because a soil is "sandy'' 
that it is poor. The clay and calcareous matter that 
some contain give them a degree of body and vital- 
ity which make them, for many crops, highly valuable 
lands. The way they lie, too, is an important con- 
sideration. If high, plateau-like, or gently rolling 
and well drained, such lands are often highly esteemed 
by . the farmer ; when, if steep or very hilly, they 
are not prized. In the latter case the soils have the 
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same components^ biit^ under tillage, are easily washed 
and made comparatively worthless. The best cotton 
lands have these sandy soils. 

518. Calcareo - siliceous. — The cahareo-ailiceoua soil 
•occupies the eastern parts of the counties of Obion, 
Dyer, Lauderdale, Tipton, and Shelby. It presents 
an ashen aspect as to color and consistence, but some- 
times it is of a reddish cast, occasionally black, and 
oftentimes mulatto in color. It contains more calca- 
reous matter than the other unconsolidated formations 
of West Tennessee, with the single exception of the 
Green Sand or Rotten Limestone. It is not unusual 
to meet imbedded in it concretions of carbonate of 
lime. At some points they may be gathered by the 
bushel. The soil is similar in character to the forma- 
tion — calcareous, siliceous, or fine grained, ashen, and 
sometimes slightly reddish and black. Its lands are 
•among the most fertile in the State. 

The soil owes its good qualities, not to its chem- 
ical composition alone, but also to its fine powdery 
condition. Tobacco, cotton, wheat, oats, clover, and 
the grasses grow luxuriantly upon it, while the native 
f growth of timber, especially in Obion and Dyer, is 
unsurpassed.^ 

519. Calcareous Soils. — These soils owe their fer- 
tility to the large amount of calcareous matter, which 
they contain. They rest upon the different varieties 
of* limestone found in the State, and differ mainly in 
having a greater or less quantity of siliceous material 



218 ECONOMIC GEOLOGY. 

or clay in their composition, making them friable or 
stiflf, as one or the other ingredient predominates. 

In durability, productiveness, and extent, they sur- 
pass all other soils in the State, with the exception 
of the alluvial. They constitute the wheat, tobacco,^ 
blue-grass, and much of the cotton lands of the State, 
and are found in all the minor valleys of the Valley 
of East Tennessee, in the Central Basin, on much of 
the Highland Rim, and in the Western Valley. But 
few of them occur in West Tennessee. These soilft 
are classified according to the character of the pre- 
vailing limestone, and form the best &rming areas* 
They cover in the aggregate one-fourth of the surface 
of the State. 

520. Green Sand Soil. — This soil is a kind of 
siliceous loam, resting upon an interesting forma-^ 
tion in West Tennessee, which is, in the main, sand 
and clay intermixed, having as characteristic ingredi- 
ents a considerable amount of carbonate of lime, and 
numerous green grains (p. 162). The formation from 
which this soil is derived is loaded with shells. These 
supply the soil with fertile ingredients, and make it 
friable and productive. It is well adapted to the 
growth of cotton and corn, and some portions to the 
growth of wheat. This soil is confined almost en- 
tirely to the eastern part of McKTairy and Henderson 
counties, and belongs to the Cretaceous formation. 

521. Shaly Soil. — As a top formation shale is 
rare. In a few of the narrow valleys of East 
Tennfissfie the Black Shale forms the basis of the 
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soil. Such a soil is cold, clayey, unimportant, ar.d 
unproductive, except for the grasses. 

522. Alluvial Soil. — Tliis altogether occupies a 
large area in the State. Nine hundred square miles 
of alluvial soil lie upon the Mississippi river. It is 
also ihe soil of the lowlands of the Tennessee and 
Cumberland rivero, and of all their tributaries. The 
whole State is furrowed by rivers, creeks, and rills, 
each of which has lying upon its margin more or 
less alluvial soil. Some of the highJand counties, 
as Perry, are alternate ridges and valleys. The allu- 
vial soils diflFer greatly in character, color, aptitudes, 
and productive capacity, depending in part upon the 
formations of the surrounding highlands and upon the 
frequency or infrequency of the overflows. Where 
the water-courses flow through or over limestone forma- 
tions, the sediment which they deposit is highly cal- 
careous. When the streams gather their waters from 
gravelly hills or sandstone ridges, the soil is more 
deficient in carbonate of lime, and usually not so 
productive. The character of the alluvial soil is gen- 
erally determined by the region through which the 
stream flows. 

523. On many of the streams are terraces, elevated 
high above the stream-beds, and not subject to over- 
flow, which have all the characteristic features of the 
low alluvial soils. These fluviatile deposits are ex- 
ceedingly rich in plant-food, and make our most gen- 
erous soils. Their perfect drainage and freedom from 
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overflows make them very valuable and desirable. For 
the growth of wheat they are especially adapted. 

524. These constitute the principal varieties of soil 
in the State, but they often overlap and run into 
one another, giving an infinite variety, making soils 
warm or cold, light or heavy, loamy, marly, hungry, 
leachy, sweet, sour, clayey, marshy, compact, tenacious, 
fine, coarse, gravelly, and rocky. 

525. The productiveness of soils do not depend 
altogether upon the constituent elements, such as lime, 
potash, soda, phosphoric and sulphuric acids, and veg- 
etable matter, but upon climatic influences, surface ex- 
posure, subsoil, drainage, degree of pulverization and 
culture. Drainage is especially important. 

526. Standing water is destructive of our field crops. 
On the other hand, the soil must not be so porous 
as to permit the fertilizers to filter to a depth beyond 
the reach of plants. For the purpose of production 
the best condition of a soil is to be thoroughly pul- 
verized and well drained of its surplus water, yet 
with an underclay that will catch and hold all fer- 
tilizing ingredients. 



QUESTIONS. 



[The figures refer to the paragraphs in the body of the book.] 



INTKODUCTION. 

1. In what are the jroung people invited to join ? What is the object 
of the survey? What are the external features making up the surface of 
the country? What constitutes the earth and rock foundation? 

2. In what ways is such knowledge useful? 

3. Why is a plan desirable? 

4. How ought the State to be first regarded? What must we know? 
What must we learn about the surface? 

5.. What can we then study ? 

6. What will be the third step? What preparation is required for 
this ? What will we study in the field ? What about the rock-beds and 
strata? 

7. What about the fourth stage ? What is a stratum ? A formation T 
What is to be determined about them ? 

8. What is the subject of the fifth and last division? What is in- 
cluded in this class? 

PAKT I-CHAPTER I. 

How is the State considered in Part I ? 

1. What is the subject of Chapter I ? 

2. What does the State resemble in form ? Its width 7 Its length ? 
Area? 

3. What does the map on page 9 show ? 

4. Between what, and in what direction does the State lie? What is the 
elevation of the North Carolina boundsiry? What that of the lowlands 
on the Mississippi river? What do the eastern mountains form? What 
lies at their foot? What is the elevation of the Valley of East TenneH- 
see? In what direction does the general surface descend? In what two 
directions do the rivers flow ? Their mean direction ? 

6. What is said of water courses? What are the principal rivers? 

(22n 
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CHAPTER II. 

What is the subject of Chapter II? 

6. Into what two portions maj Tennessee be divided ? What does the 
eastern portion embrace? With the map what can the student see? 
rhis part of Tennessee is a section of what? 

7. For what is the belt of country between the Gulf of Mexico and 
the Gulf of St. Lawrence remarkable? What is the name of this belt? 
Its length and width ? 

8. Give some of the names of the mountains and valleys? What is 
said of the Alleghany Bange ? What is the character of many of the 
valleys ? 

9. What is said of " up and down '' and " across the country "? 

10. What are great valleys and what are minor valleys? 

11. What valley is presented as an example? Between what doef 
this valley lie? How does it appear from high summits? 

12. For what is the Appalachian Belt singular? 

CHAPTER III. 

The Subject of Chapter III? 

13. Into what natural divisions is the surface of the State divided ? 
What is the first natural division? Describe it. Second? Third? 
Fourth? Fifth? Sixth? Seventh? Eighth? 

14. Which is the largest natural division? What next? What two 
-divisions are next in size ? What are the smaller divisions ? Give thtt 
areas of each? 

15. How do these natural divisions lie with respect to the State? 
In what are the three most easterly divisions included ? 

16. How many civil or political divisions? Name them. Describe 
East Tennessee. Middle Tennessee. West Tennessee. How many coun- 
ties in each ? 

CHAPTER IV. 

What is the subject of this Chapter? 

17. What is meant by climate ? To what is the character of climate 
related ? How does climate afifect the industry of a country ? How is 
the subject of climate treated ? 

18. What is mean annual temperature? Give the mean annual tem- 
perature of the Unaka Range, and the other natural divisions ? What is 
the greatest difiference in these means? To what is this due? What is 
the difference in temperature of the southern and northern boundary? 

19. How does the mean temperature of Tennessee compare with other 
regions? What are isotherms? Through what country do the Tennessee 
isotherms extend? Do the lines of equal heat correspond with the lines 



of latitude? Is the variation of heat in £arope the same ag in Tennee- 
«ee? Give illustrations. What effect does this have upon vegetation? 

20. What is said of the average or mean summer heats as compared 
with winter means? About what are winter means? The summer mean 
of the XJnaka Range? Of the Valley of East Tennessee? Table-land? 
Highlands? Central Basin? W^est Tennessee? What is the highest 
recorded temperature? The greatest degree of cold ? Which is the cold- 
est month? The warmest month? 

21. What is said of ice and ice houses? 

22. What is said of the period between killing frosts, and what does 
it measure? The average number of days between killing frosts? 

23. In what months do the most destructive frosts occur? The dif- 
ference in time between killing frosts in the northern and southern partB 
of the State? What effect does this have upon agriculture? 

24. Give the average annual fall of rain upon the globe. In the 
Torrid Zone. Temperate Zone. Frigid Zone. What is the average rain- 
fall of Tennessee in inches ? 

26. What does the table in this paragraph show ? In what year did 
the greatest fall of rain occur? The least? 

26. In what month does the greatest quantity of rain usually fall? 
The dryest month ? 

27. What is the annual fall of snow? 

28. What is said of the two systems of winds? What of the lower? 
The upper? What effect does the commingling of these two systems 
have? What winds are most desirable? 

29. What fact has been established? 

30. For what is Tennessee remarkable? In what is this seen ? Give 
illustrations. , 

PART II. 

What is the subject of Part II ? 

31. What is said of the natural divisions, and how are they now to 
be considered ? 

. CHAPTER V. 

What is the subject of Chapter V ? 

32. What is the Unaka Range ? How does it compare with other 
Appalachian ranges? Average elevation? Elevation of highest peaks? 
Its high crest forms what boundary? What is the width of the portion 
in Tennessee ? Area ? 

33. What the character of the Unaka Range? Which is the main 
axis? What is meant by axis? Give the names of some of the most 
important parts. 

34. Where do the most westerly of the Unaka Range lie? How are 
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they arranged ? What is this line of moantains called ? Give the namea 
of some of these ? 

35. What of included valleys and coves? What is said of the calti» 
vated part of Johnson county ? What are other coves ? 

36. What cut the Unaka Range into sections ? Where do these riv* 
ers rise? What is the direction of their flow? How many are there? 

37. What are the highest summits of the Unaka Range called? De- 
scribe the Balds. 

38. What is said of the views from the Balds. 

39. Descending from the mountains, what do we enter? What is 
aaid of this valley? Between what does it lie? W^hat'is the averace 
distance between these divisions? What city near its centre? What at 
Us south-western corner? What its area? 

40. What is the average elevation of the Valley of East Tennessee 
above the sea? Its elevation on the Virginia line? At Knoxville? On 
the Georgia line ? 

41. What do we find in crossing the Valley of ICast Tennessee? Why 
is it called a fluted area? 

42. What is said of the ridges of the Valley ? Into how many classes 
are the ridges grouped ? 

43. What is said of the mountain ridges? What of White Oak 
mountain ? Clinch mountain ? 

44. What mountains are mentioned in this paragraph? 

45. What is said of the broad ridges? 

46. What of the narrow and sharp ridges? What of the red hills? 

47. What is said of the minor valleys and coves? 

48. What about the creeks of the valleys ? 

49. W^hat kind of rocks in the valleys and coves? 

50. What is said of Sequatchee Valley? What embraces it? 

51. What natural division follows next in order ? Describe it. What 
its elevation above the Valley of East Tennessee? What above the sea? 
Area ? Point it out on the map. How does its eastern edge compare with 
its western? By what is Walden's Ridge cut oflf from the main Table- 
land? 

52. What is said of the surface of the Table-land? What of its 
soil? 

53. How does the Table-land impede free intercourse? By what is 
the Tennessee river deflected ? 

CHAPTER VI. 

What is (.he subject of Chapter VI? 

54. WLat divisions were considered in last Chapter? What in thii? 
What is the limit oi elevation in these divisions? 
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55. Describe the Highland Rim. Height above the sea. What ha« 
been washed out in the centre ? Why is it called a rim ? 

56. Trace it out on the map. How does the eastern portion compaie 
with the western? What is the area of the Bim ? 

57. What is said of the surface of the Bim? Soils? Iron ore 
banks ? 

58. What is the area enclosed by the Bim called ? How does this 
division of the State compare with the others in importance ? Trace it 
out on the map. What city within it ? What rivers ? Its length ? Width ? 
Area ? Depth below tlie Bim ? 

59. With what is the Basin compared? Suppose the rivers were 
dammed up, what would result? What would be the depth of this lake 
at Nashville ? 

60. What division follows next in order? What is said of it? Its 
width? Area? Elevation? 

61. What is included in the Plateau Slope ? How does it compare 
with the other divisions? What is said of the absence of hard rocks? 
Does it differ in aspect from Middle Tennessee ? 

62. Describe this division, and point it out on the map. What city 
near its centre? What in south-west corner? What is said of its east- 
ern border? What of the Tennessee Bidge? How does the Plateau ter- 
minate at the west? What are the bluffs? 

63. What of the rivers in this division ? Give the area. 

64. What is the remaining division to be noticed? Describe it. 
What of the soils and lands ? By what is it cut into parts ? Give its 
area. Elevation above the Gulf of Mexico. 

PABT III. 

What is the subject of this part? 

66. What was completed on the last page ? In this part what is to be 
studied ? 

67. What does the word G^eology signify ? Give its meaning further. 

68. What does Geology explain ? What does it point out? What 
is every stratum like ? 

69. Of what else does geology inform us? 

CHAPTEB VII. 

What is the subject of this chapter? 

70. Of what do rocks consist? What three minerals constitute gran- 
ite? What mineral constitutes limestone? What is said of the number 
of minerals entering the rocks of Tennessee? How many are there' 
Name them. 

71. What are ores? 
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72. 'What are common flint and sand? What is the material of 
grindstones and whetstones ? What is the most common ingredient of 
rocks? What are the characteristics of quartz? 

73. What is said of the crystals of quartz? What are geodes? 

74. What are rock crystals? For what are they used? What is an 
amethyst? What false topaz? Mention other varieties of quartz. 

75. What varieties of quartz are included under concretionary quartz 
and chalcedony? What do Ihey resemble? To what does the word con- 
cretionory refer ? What are concretions? 

76. What lustre has chalcedony? What is Cornelian? What is 
Agate? Banded Agate? Other varieties? What is Onyx? 

77. To what is flint allied ? Whatishornstone? Chert? Buhrstone? 

78. What is Jaspery Quartz ? 

79. In what respect does Opal difier from quartz? 

80. What is the chemist's name for quartz? Give the composition of 
eilica. 

81.' What does silica form with alkaline substances? What is a 
silicate? 

82. How does the composition of many minerals compare with that 
of glass? 

83. What is said of quartz rock. 

84. What of beds of sand? Of what are sandstone rocks composed? 

85. What is said of hardness f How do mineralogists determine the 
hardness of minerals? Illustrate. How many minerals compose the 
scale of hardness? Which is the softest mineral of the scale? The hard- 
est? What place does quartz occupy in the scale? 

86. What is the first member of the scale? Second? Third? Fourth? 
Fifth? Sixth? Seventh? Eighth? Ninth? The last? 

87. What is the composition of apatite, and what may it be consid- 
ered? 

88. What is Sapphire? To what class of substances does alumina 
belong? What is the characteristic constituent of common clay? 

89. What is corundum ? Whatisemory? 

90. What is the diamond ? What are the three difierent forms of 
carbon? Give exampless. 

91. What is Calcite? What stalactites ? When are rocks said'to be 
calcareous? 

92. What are said of the crystalline forms of calcite? 

93. What is Iceland spar? 

94. What is the composition of calcite? If calcite is heated in a 
kiln, what will result? How else may carbonic acid be driven off from 
calcite or limestone? What is meant hy effervescence t How may calcite 
be distinguished from quartz or gypsum? 
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95. Under what conditions are calcite or limestone dissolved in water ? 
What is said of rainwater? How is hard or limestone water produced? 

96. To what do caves owe their origin ? Explain the formation of a 
•cave. 

97. Describe the formation of stalactites. What are stalagmites ? 

98. What is travertine? What is calcareous tufa ? 

99. What does dolomite resemble ? How does it differ in composi- 
tion from calcite? 

100. What. are rogk masses of dolomite called? 

101. What rock does feldspar help to form ? In what division ox the 
"State is it found ? What is the chemical name of feldspar ? Give some 
of the varieties of feldspar. 

102. How may the feldspars be distinguished from quartz? 

103. What is meant by cleavage? 

104. From what is the principal ingredient of clay derived? What 
are pure clays ? What is kaolin ? What are common clays ? 

105. How is mica recognized ? In what rock is it found associated 
"with quartz and feldspar ? For what is it used ? 

106. Describe mica. 

107. What is said of the composition of amphibole and pyroxene? 
Are they easily distinguished? What is asbestos? 

108. By what other name is amphibole known? How does syenite 
<liffer from granite ? 

109. Mention the varieties of pyroxene ? 

110. What is said of the crystals of garnet? 

111. What is said of tourmaline? 

112. Deiicribe talc. What is steatite ? 

113. What is said of chlorite ? 

114. What is serpentine? What is verd-antique marble ? 

CHAPTER Vin. 

What is the subject of this chapter? 

115. What was considered in the last chapter, and what do we con- 
-fiider in this? 

116. What are rocks? 

117. What were the rocks of Tennessee once? How did they become 
tiompact ? 

118. What is said of deposits now accumulating ? 

119. What of the hardening of the beds ? What of the strata of West 
Tennessee? What of the Gulf of Mexico? 

120. What is said of the purity of the original beds and of the rocks? 

121. Into what three classes are the rocks grouped? 
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122. What are sedimentSi and what sedimentary rocks? What other 
teims are applied to these rocks? 

123. What does metamorphic mean? What is said of the action of 
heat on sedimentary rocks? What are metamorphic rocks? 

124. What is said of igneous rocks? What are dikes? 

125. What is said of sandstones and related rocks? What are some 
of the kinds of sandstones? What are qaartzytes? 

126. What is a conglomerate ? What is hreccia? What does fer- 
ruginoas mean ? 

127. What is said of limestones? 

128. Enumerate the varieties of limestones ? 

129. What are fire rocks? 

130. To what class of rocks do the limestones of Tennessee belong? 

131. To what species of rocks do stalactites belong? 

132. What is said of magnesian limestone or dolomyte? 

133. What is said of the dyestone ore ? 

134. What are shales ? What is shale often improperly called ? De- 
scribe shale. 

135. What is bituminous shale ? 

136. What is alum shale? 

137. What are true slates? 

138. What are examples of clay slate? Describe clay slate. How 
does this differ from shale ? What is slaty cleavage ? 

139. What is schist? 

140. How does mica slate differ from mica schist? 

141. How does hydro-mica slate differ from the slates just mentioned V 

142. What is said of granite in Tennessee? How does it differ from 
the rocki already mentioned ? 

143. What is said of the color of granite ? 

144. When is a granite-like rock called syenyte? Now may horn- 
blende be distinguished from black mica? What is unakyte? 

145. How does gneiss differ from granite ? What mountains in Ten- 
nessee are made up of gneiss and gnessoid rocks ? 

146 Does gneiss pass into mica schist or mica slate ? What are the 
varieties of hornblende rocks ? Wnat is protogine? 

147. In what series are the rocks just described included? 

148. What are trap rocks? Are they important in Tennessee? De- 
scribe trap further. 

149. What is the rock of the Palisades of the Hudson river? 

150. ISfame some of the varieties of trap rock. 

151. What is dioryte? 

1 52. Wh at is amygd aloid ? 

153. What is porphyry? 
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154. What is said of lavas or volcanic rooks? 

155. What is trachyte ? Name other varieties of lava. 

CHAPTER IX. 

What is the subject of Chapter IX? 

156. What are we to learn in this chapter? 

157. In what three forms do rocks occur? 

158. How does this classification differ from that given on pages 60 
and 61 ? 

159. When are rocks stratified ? 

160. What is a layer? A stratum? A formation? 

161. What is said of the rocks of Tennessee ? 

162. . What is illustrated in the figure? 

163. What is a section ? 

164. What is said of sections in deep gorges? What of the cuts and 
■gorges in Tennessee ? 

165. What is stated in this paragraph ? 

166. What is said of horizontal layers, and what does the figure il- 
lustrate ? 

167. Explain jointed structure. What are joints? 

168. What is said of the extent of strata ? 

169. What example is given ? Describe the extent of the Black Shale 

170. What was the original position of the strata in Tennessee? 

171. What is said of the raising of the strata out of the ocean* 
What of the wrinkling of the strata? What effects were produced by 

'this action ? 

172. By what are the folds of strata illustrated ? 

173. What is said of the bending of strata? 

174. What does figure 10 illustrate? What is said of Sequatchee 
Talley? 

175. What is an axis? An anticlinal .axis? A synclinal axis? 
What are decapitated folds? 

176. When does a rock outcrop? 

177. What is meant by dip f 

178. What is meant by strike f 

179. What is said of folded and inclined rocks in Tennesitee? How 
do the rocks dip in the Valley of East Tennessee? 

180. What is figure 17 intended to illustrate? 

181. How have faults been formed ? Point out the places of faults 
"in %ure 17. 

182. What is said of faults in East Tennessee? 

183. What do figures 13 and 14 illustrate? 

184. What is said of the study of strata? 
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185. Where should the student begin ? 

186. What is said of unstratified rocks? 

187. How are veins made ? 

188. What is said of veins in Tennessee ? 

189. What about the denudation of strata? How has the elevate^, 
matter been carried away ? 

190. Wliat about the denudation of strata at Knoxville ? At Chat- 
tanooga? What are other examples of denudation? 

191. Of what is Sequatchee Valley an example? How was this val- 
ley formed ? 

192. What kinds of rocks yield most readily to wear and denudation? 
What are valley making rocks ? What are ridge and mountain making 
rocks? 

193. Why do the valleys and ridges of East Tennessee run in a iwiih- 
west, north-easterly, and south-westerly direction ? 

194. How are table lands formed ? What of the Cumberland Table- 
lands? 

195. When are strata said to be unconformable? 

196. What do the rocks contain embedded in them ? What are said 
of the rocks about Nashville ? 

197. What are fossils ? 

198. What is said of the fossils in a formation ? What of the fossils 
at Nashville and McMinnville? What illustration of the use of fossils 
is given? 

199. What is paleontology ? 

200. ' What is necessary for the student to know? Into what two 
great groups are the animals divided? What are Vertebrates ? Inver- 
tebrates? How many sub-kingdomti in all ? What does the table on page 
93 give? What are examples of animals of the simplest organization? 
Of the highest organization ? What are the sub-kingdoms of the Inver- 
tebrates? Describe them. What sub-kingdom is included under the 
Vertebrates? What four classes of Vertebrates are there? Name them 
and define them. 

201. What is a sponge? What are Rhizopods? 

202. What animals are included among the Kadiates? 

203. What is included in the group in figure 22 ? 
204 Whatissaidof Crinoids? 

205. What of the abundance of Crinoids in the ancient seas? 

206. Describe the form of a sea urchin. 
297. What are Cephalopods ? 

208. What are Gasteropods ? 

209. What are Acephals? 

210. What are Brachiopods, and how do they diflfer from Acephals 'r 



QUKSTIONS. 231 

211. Describe the Bryozoans. 

212. How are the Articulates divided? 

213. What is said of Trilobites? 

214. What is said of Ostracoids? What is a Barnacle? 

215. AVhat is stated in this i)aragraph ? 

216. What of the Selachians? 

217. What of the Ganoids. 

218. Into what two great groups are plants divided? Define the 
Cryptogams. Define the Phenogams. 

219. Into what three classes are the flowerless plants or Cryptogams 
divided? Describe the Thai logens. De8cril)e the Anogens. Describe the 
Acrogens. What do the Endogens include? What do the Exogens in- 
clude? Into what two orders are tlie Exogens divided? What is said of 
the Cycads? The Conifers? The AngioKperms? 

220. . What is the first condition of the earth, according to geologists? 

221. What of the water from Artesian wells? What other facts go 
to show the heated condition of the earth? 

222. What is said of the formation of the crust of the earth? 

223. What of the ocean and stratified rocks? 

224. What was the character of the first strata? 

225. What of dry land, and the creation of plants and animals? 

226. What is said in this paragraph? 

227. What is stated as the present condition of the interior of the 
earth ? 

228. What about the thickness of the crust of the globe? What is 
the rate of increase of temperature as one descends in the earth? 

PART IV. 

What is the subject of this part? 

229. What was studied in the last part? What are we prepared now 
to consider ? 

230. What is first considered? 

CHAPTER X. 

What is the subject of this chapter? 

231. How is past time divided ? What was made during each forma- 
tion ? 

232. Into what are the ages divided? What is tlieir correspondence 
to each of these periods? Mention the example given. 

233. What is presented on pages 108 and 109? 

234. What are grand or largest divisions in the section? Name the 
times. 

235. In what part of the section are (he formations of Tennessee in- 
dicated ? 



232 QUESTIONS. 

236. How luiiiij ages have geologists recognized ? 

337. What is the first age? What is the meaning of ArrJiceanf Dui> 
ing the Archsean time what rocks were made? What is said of life in 
this age ? 

238. Where are the principal outcrops of rocks of this age? 

239. Do Archaean rock appear at the surface in Tennessee ? 

240. What is the second age? What animals flourished in this age? 
What covered the continents? 

241. What kinds of rocks were made during this era ? 

242. What are the two divisions of strata of the Silurian age? 

243. What is the third age? What animals flourished during this 
age? 

244. What of the rocks of this age? 

246. What is the fourth age ? What is said of the lands of this era? 
What of the forests and plants? What of the animals? 

246. What was the character of the strata? 

247. What was the fifth age ? . For what is it remarkable ? What 
of the plants? 

248. What strata originated in this era ? 

249. What is the sixth age? What of the animals of this age? 

250. What of the continents? Forests? 

251. What of the rocks formed in the era? 

252. What is said of the strata of West Tennessee ? 

253. What is the seventh age? What covered the continents during 
the first period of this age ? 

254. What happened to the lands in the second period ? 

255. What is the drift f What of the drift north and south of the 
Ohio river? What is the relation of the Orange sand to the drift? 

256. What of the climate in this period? What of the Mammals? 
What of the Invertebrates? 

257. What happened to the continent in the third and last period of 
the age of man ? How are the terraces of the rivers formed? 

258. What names have been given to the three periods of the Quar- 
tern ary Age? 

259. What formations occur in Tennessee, as shown on the map? 

260. Point out the areas of each formation? 

261. What is the first Tennessee formation? How much of the sur^ 
face of the State does the Lower Silurian form? How is the Lower Silu- 
rian indicated on the map? 

262. What is its thickness? What kinds of rocks? 

263. What is the second Tennessee formation? Of how many mem- 
bers does it consist, and what is its entire thickness? How are the out- 
croi)s of the Upper Silurian indicated on the map? 
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264. What is the third Tennessee formation? What is the sole rep- 
resentative of this formation in Tennessee? How is it indicated on the 
map? 

265. What is the fourth Tennessee formation ? How many members 
has it, and what is its aggregate thickness? What is the character of 
the lower third ? What of the upper two thirds ? 

266. What are the surface rocks of the Highland Rim and Cumber- 
land Table-land? 

267. What is the fifth formation of Tennessee? Of what age is this 
the only representative in Tennessee? Of what does the Cretaceous 
formation consist ? What is its thickness ? To what part of Tennessee is 
the group confined? How is it indicate on the map? 

268. What is the sixth formation? W^hat are the beds of this forma- 
tion ? What is its thickness? To what part of the State confined ? How 
represented on the map ? 

269. What is the seventh formation ? This is a group including what? 

CHAPTER XI. 

What is the subject of this chapter? 

270. What was treated of in the last chapter, and what is proposed 
in this? 

271. What formations are included in the Paleozoic Time ? What 
is said of the comparative importance of these four formations? 

272. Why is this time called Paleozoic? What of Brachiopods? 
What of Ganoids? 

273. Are Archaean rocks included in Tennessee formations? What is 
their thickness in Canada? Into what two formations are they divided? 

274. What formation gives so much bulk to the Paleozoic rocks in 
Tennessee? 

275. Into what six divisions are the Lower Silurian formation of 
Tennessee grouped? Name them. Give the general characteristics of 
each. 

f 276. Which of these belong to the Primordial period? Which to 
the Canadian ? 

277. What is the principal formation of the Unaka Range ? How 
is it represented on the map ? Of what does it consist ? By what changed ? 

278. Why is the group named Ocoee? 

279. How are the Ocoee rocks changed near the North Carolina line? 
How does it happen that granite-like rocks are found in Tennessee? 

280. What formation follows the Ocoee? This is a mass of what? 
Of what mountains is this sandstone the formation? 

281. How are these mountains indicated on the map? What of the 
lossils? 
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282. What in said of the rocks of the Knox group? 

283. What are the divisions of the Knox group ? 

284. What is said of the Knox sandstone? Wliat of the Knox sand- 
stone ridges ? 

285. Give the names of some of these ridges? 

286. What is said of the Knox shale? What towns are npon it? 

287. What of the Knox group in the north-eastern part of the Valley? 

288. What of fossil shells and Trilobites? 

289. What of Knox Dolomyte? What is its thickness? 

290. Of what does the division consist? What is the character of 
the rocks at the base ? 

291. What is said of chert in the Knox Dolomyte? 

292. What does this action illustrate? 

293. Give the names of some of the Knox Dolomyte ridges. What 
towns are situated on the Knox Dolomyte? 

294. Where is the Knox Dolomyte found, out of East Tennessee? 
Where does the Wells Creek Basin lie ? 

295. How do the formations outcrop in the Wells Creek Basin ? 

296. What is said of the Lenoir limestone? 

297. What is the character of the Lenoir limestone in the north- 
eastern part of the Valley? In the western part of the Valley? 

298. What of fossils in the Lenoir limestone? 

299. How may the Lenoir limestone l)e regarded ? What towns are 
upon it? 

300. What is said of the Lebanon group? To what divisions of the 
State does it belong ? 

301. What about the Glade limestone? 

302. At what town are the rocks and formations well displayed? 
What other towns in the Basin are located upon these rocks? 

303. What is said of the Lebanon group in the Valley of East Ten- 
nessee? 

304. What of the group in the Sequatchee Valley? 

305. What is their character in the vicinity of Knoxville? What is 
said of the marble? What of the Lebanon group on the eastern side of 
the Valley? 

306. What of fossils in the Lebanon group? 

307. In what division of the State do the strata of the Nashville 
group outcrop? How thick are they in the Basin? 

308. What of the Nashville rocks in the western part of the Valley? 
What in the eastern part? 

309. Upon wliat is Nashville built? Give a synopsis of the rocks as 
they occur around Nashville? 

310. What is said of the Orthis bed? 
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311. What of the Orthis bed at Clifton ? 

312. What towns are located upon the rocks of the Nashville group? 

313. What valleys in East Tennessee show the Lebanon and Nash- 
ville rocks ? What towns upon them ? 

314. What is the character of the Nashville group about Knoxville? 
Further east? How thick is the shale? 

315. What is the rock of the eastern knobby region or belt? What 
towns are within it ? 

316. What other knobby belt is there ? What is said of the line of 
red knobs in this belt? 

317. To what limestone is the color of the red knobs due? 

318. What other interpolated bed is found in these shales ? 

319. Give a synopsis of the rocks about Knoxville ? 

320. What of the fossils in the Nashville group? 

321. What of the minerals and ores of the Lower Silurian? 

322. What is the aggregate thickness of the Upper Silurian forma- 
tion? 

323. How do its members outcrop in the different divisions of the 
State ? 

324. How many members have the Upper Silurian ? What of the 
Upper Silurian on the eastern side of the Basin? Give the names of the 
divisions? General character of each? 

325. W^hich is included in the Niagara period? Which in the Hel- 
derberg? What New York divisions are absent? 

326. What follows next above the Nashville group? Of what doe* 
the Clinch sandstone consist in the northern part of the Valley ? In what 
mountain is the sandstone conspicuous ? 

327. In what other mountains is the Clinch sandstone found? 

328. What of the Clinch sandstone in the southern part of the 
Valley? 

329. What is the Dyestone group? To what does it owe its impor- 
tance and name? 

330. What trio of formations make the Dyestone ridges? 

331. What of the Clifton limestone? How is it divided in the Westi 
em Valley ? What town is located upon it ? 

332. What of the glades? 

333. Where is this limestone found in East Tennessee. 

334. What of the fossils of the glades? 

335. What of the Linden limestone? Where does the formation out- 
crop? 

336. At what other points? 

337. What of the fossils of the Upper Silurian? 

338. What of the minerals of the Upper Silurian? 
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339. How do tlie Devonian and Upper Silurian compare in Tennessee? 

340. What is the Black Shale? 

341. What is said of the extent of the Shale? 

342. What does the Black Shale contain? 
343.. What other outcrops are mentioned? 

344. What are the fossils of the Black Shale ? 

345. What of the Devonian out of Tennessee? What of the Cor- 
nilerous limestone ? 

346. What is paid of the Carhoniferous formation ? 

347. What are the four divisions of the Carboniferous formations? 
Give their characteristics. 

348. What does tlie Barren Group include? What of its rocks? By 
what are the outlines of the Basin defined? 

349. What other rocks of the formation? 

350. With what formation is it associated in the Dyestone formation? 
What is the character of the group at Cumberland Gap? 

351. What is said of the coral or St. Louis limestone? 

352. What of the country lying at the western base of the Table- 
land? What towns upon it? What other large section based on the 
same rocks? What other towns are located on the St. Louis Limestone? 

353. What is said in this paragraph ? 

354. What of the fossils in the St. Louis limestone? 

355. How are the St. Louis limestone and the Barren Group consid- 
ered in East Tennessee ? 

356. What is said of the Mountain limestone? Its thickness in the 
southern part of the State ? Near the Kentucky line ? 

357. What of fossils in this limestone? 

358. What of its occurrence in the Valley of East Tennessee? What 
of the fault at Montvale Springs ? 

359. What is said of the Coal Measures? 

360. How many members in the Sewanee coal section? How many 
beds of coal ? 

361. How does the conglomerate, number 10, divide it? 

362. What is said of the extent of the Lower Measures? 

363. What is the thickness of the Upper Measures in the north-eastern 
part of the Table-land? 

364. What is said of the formation ot coal? 

365. What towns upon the Coal Measures? 

366. What of the minerals of the Carboniferous formation 7 

367. What of the Permian period? 



QUESTIONS. 237 

CHAPTER Xn. 

Of what does this chapter treat? 

368. Where do the Mesozoic and Cenozoic formations occar? What 
do we have in place of hard rocks? 

869. What is said of the Mesozoic Time? What of animals and 
plants ? 

370. What is said of the Cenozoic Time ? How many ages does it 
include? 

371. What is said of the Gulf of Mexico? WJiere did the Old 
Shore line extend? What towns are situated upon it? What ahout the 
hard rocks? What is shown on map, page 116? 

372. What formations are confined to West Tennessee ? What of the 
Quarternary? In what Time is the cretaceous formation included? In 
what are the Quarternary and Tertiary? 

373. What of the Triassic and Jurassic formations? What kinds of 
rock mostly prevail in them? What of the Trap Dikes which occur in 
these formations? Where else do the rocks of the Triassic and Jurassic 
age occur? What is meant by Triassic? What by Jurassic ? 

374. What is said of the Cretaceous formation ? How many divisione 
has it ? Name and describe them ? 

375. What is said of the CofFee Sand ? What vegetable or mineral 
substance is found in the CofFee sand ? 

376. Where is the CofFee sand well exposed ? In what other counties 
does it outcrop ? 

377. What is said of the Kotten limestone or Green Sand? From 
what does this sand take its name? 

378. What kind of shells are found in this Botten limestone ? 

379. In what states south of Tennessee does this Green sand also oc- 
cur? In what counties of Tennessee is it found? 

380. What is said of the Ripley group? 

381. What rften conceals the Ripley group? What towns rest on 
this formation? 

382. How mAny divisions of the Tertiary formations are there in 
Tennessee ? 

383. To what do these two groups belong? 

384. What is said of the Flatwoods Sand or Group? What is its 
thickness in Tennessee ? How does it differ from the Ripley and Coffee 
group? 

385. What may be seen along the course of the Memphis and Charles- 
ton Railroad ? In what direction does this belt run ? What towns are 

upon it? 

386. What is said of the La Grange Sand? How wide is the belt, 
and in what direction does it extend ? Describe this formation. 
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Dccur in the Upper Measures ? What do you mean bj a workable seam ? 
In what respect are the seams of the Upper Measures superior to those of 
the Lower ? 

403. What is said about the seams in the eastern edge of the coal- 
^eld? What is a flexure? What sometimes occurs in connection with 
these folds? What is said of the Upper Measures in the western counties 
of the coal-field ? 

404. What is said* about the ravines in the coal-field? What of the 
main conglomerate in Anderson and Claiborne counties? What of the 

-seams of coal in that portion of the coal-field ? 

405. How much coal will a seam one foot thick yield per square mile? 
•On this basis how much coal is there in the State ? How long will it last 

at the present rate of consumption ? 

406. How many leading varieties of coal? What does bituminous 
•coal yield when heated? Is there any bitumen in bituminous coal? 

Why, then, is it so called ? 

407. From what is anthracite coal made? In what particular does 
it differ from the bituminous ? 

408. To what kind do Tennessee coals belong ? How are bituminous 
coals classified ? Describe coking coal. Non -coking. Cannel or Parrat 

rcoal. Why is the last called cannel coal ? 

409. What is the most valuable constituent in coal ? What is the 
average composition of Tennessee coals ? What substances injure coal ? 

410. What about the coal mines in Tennessee? Give the principal 
'points at which coal is mined. How many men are employed in our coal 
mines? 

411. What was the coal i)roduct of the State in 1864? What was it 
in 1875, and what was it worth? What is said about new mines? 

412. What is Brown coal, or Lignite ? Describe it. 

413. How does Lignite burn? Where is it found? Describe the 
beds. What is Jet? 

414. What is said of the bed at Raleigh ? When should Lignite be 
mined ? 

415. Why should the student become familiar with this substance ? 

416. What is said about coal and Lignite? Of what use is Geology 
in this particular. Is it reasonable to expect to find coal outside of the 

-coal formation ? 

CHAPTER XIV. 

What is this chapter about? 

417. How many iron belts are there in Tennessee? Name them. 
Where does this Eastern Iron Belt lie? The Dyestone? The Belt of the 
•Cumberland Table-land? The Western Iron Belt ? 



240 QUESTIONS. 

418. Through what counties does the Eastern Iron Belt pass? How 
many classes of ore in this belt ? Name them ? How are they recognized? 
What powder does limonite give? Hematite? Magnetite? 

419. Which is the most abundant ? What is the difference in com- 
position between limonite and iron rust? What per cent, of iron does it 
yield? Give the names of the various forms in which limonite occurs* 
What does limonite mean ? 

420. How does limonite occur in the Eastern Belt ? With what min- 
eral is it associated in Greene county ? What sort of iron is made from 
a mixture of iron ores with tlie oxide of manganese? What is this iron 
used for? 

421. What does hematite mean? How does hematite differ from 
limonite? Can you make hematite from limonite? How. When pure, 
how much iron does hematite yield? What is said about Dyestone? 

422. In what localities in the Eastern Belt does the hematite occur? 

423. What is said of magnetite? From what does this ore take its 
name? Where does it occur, and how? Where, in Tennessee, is it found 
in workable quantities? What is a loadstone? What of this ore in 
North Carolina? 

424. Describe the Dyestone Belt. 

425. To what variety of iron ore does the Dyestone belong? What 
does it yield? Why called Dyestone? Why Fossil ore and Oolytic ore? 
What is its color? Is it hard or soft? 

426. Is it found in banks or nests, or in strata? What is the thick- 
ness of the strata ? What is said of the stratum skirting the Cumberland 
Table-land? 

427. Name the localities where good deposits are found? With what 
rocks is the Dyestone associated? In what formations does is occur? 

428. Name the counties which contain this ore in workable quan- 
tities. 

429. What advantages does the Dyestone Belt afford for the manu- 
facture of iron? 

430. What is said of the ores of the Cumberland Table-land? 

431. Describe the Western Iron Belt. What counties does it include? 

432. What variety of ore is found in this belt mainly? Where and 
how does it occur? Give the typical features of a bank in this belt? 

433. What is said of pot ore? What is said of the hills and ridges 
containing ore? Is any found in the valleys and river basins? 

434. Give the localities where the best deposits of ore occur in this 
belt? What may these localities be regarded as? 

435. What is said of the ore near Clifton, in Wayne county? What 
counties on the eastern side of the Highland Rim contain ore? 

436. What fuel is used in the eastern and western Iron Belts? HofT 
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many bushels of charcoal does it take to make a ton of iron. What fuel 

if used in the Dyestone Belt? What is coke? How much coke does it 
take to make a ton of iron ? When was stone coal first used for making 
iron in Tennessee ? 

437. What has iron been called ? Is there any other metal more 
used in domestic puporses ? Give some of its uses. 

438. How many classes of iron products are there? Name them. 

439. What is cast or pig iron? Descri]>e it. Can it be hammered? 
What is the average annual production in the State, and its value? How 
many furnaces? Where are they? 

440. Describe in full the process of smelting ore ? What office does 
the lime perform? The coal? What is slag? Why is the limestone 
called a flux? 

441. How is wrought or soft iron made? What do you understand 
by puddling? What is the object of puddling? With the loss of carbon 
what does the iron lose? How is it otherwise changed? What is done 
with it after it is taken from the furnace? What about its specific 
gravity ? 

442. Is there any other process by which wrought iron is made? De- 
scribe it. How many of these forges in Johnson, Carter, and Campbell 
counties? What is their average production? At what other points is 
malleable iron made? 

443. What efFect does phosphorous have upon iron ? Sulphur ? 

444. What is steel? Its specific gravity ? Give the points of diflfer- 
ence between steel and wrought and pig iron ? At what place in the State 
is it manufactured ? 

445. What advantages does Tennessee ofier for the manufacture of 
iron? 

CHAPTER XV. 

446. What is embraced under the head of other useful minerals? 

447. What rank does copper take among the useful minerals of the 
State? In what portion of the State does the copper-bearing district lie? 
How high is it above the sea ? Describe its general appearance ? In 
what formation is the copper found? 

448. How many copper veins have been found in the State ? What 
lies above them ? What does gossan mean ? 

449. Describe Black Copper ore or Senonite. Cuprite. Malachite. 
Azurite. Copper pyrite. How is copper pyrite distinguised from gold or 
iron pyrite? How does native copper occur? What is meant by den- 
dritic? Describe Blue Vitriol. 

460. Are there any other ores of copper about Ducktown ? 
451. How many persons find employment in the copper region ? How 
much copper is made? Its value? Number of furnaces? 
16 
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452. How many ores of zinc in Tennessee? What are they? De- 
flcribe Sphalorite. Smithsonite. Calamine. With what other ore is the 
Einc associated ? How do the zinc ores occur ? 

453. In what localities are the most extensive deposits found ? How 
do the veins occur in Union county ? 

454. What about the zinc ores at Mossy Creek, in Jefferson cx)unty T 

455. What ores of lead are found in the State ? Describe galena. 
Cerussite. 

456. Is galena found associated with any other mineral? How does 
it occur in Union county? Washington? McMinn? What about the 
vein in Bradley county? At what other places has galena been found? 

457. What about the gold of Tennessee ? 

458. What is iron pyrite ? Descrilie it. Where is it found ? 

459. Is it of any practical value in Tennessee ? What about its use 
in England ? 

460. How is iron pyrite distinguished from gold ? 

461. Describe the oxide of manganese. How can you tell it from 
the iron ores? For what is it used? 

462. What is said of barite or barytes? What is the annual pro- 
duction of the State? Where does it occur? 

463. What is copperas, and where is it found ? 

464. Where was it manufactured during the late war? From what? 
What is copperas used for? 

465. What is said of alum ? 

466. What is said of petroleum ? 

467. What can be obtained from Black Shale by distillation ? Why 
18 Black Shale often mistaken for coal ? 

468 What is said about salt? 

469 What about nitre ? What is nitre used for? 

470. What is said about Epsom salts ? 

471. Tell what is said about gypsum? What is selenite? 

472. What kinds of mineral waters abound in Tennessee? Where? 
What about sulphur wells? What is the most fruitful source of sulphur 
waters? 

473. What is said about the mineral springs generally ? 

CHAPTER XVI. 

What is this chapter about? 

474. What uses are made of rocks and clays? 

475. What is said of limestones? Their colors? Their oocurrenoet 

476. Of what is the State capitol built? Describe this limestone? 

477. What about lime? 
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478. What is marble? 

479. What is said of the marbles of Tennessee? Give the yarieties. 
What is said of black marble ? 

480. What counties have furnised the largest supplies of gray and 
variegated marbles? How does the marble lie in Hawkins and Knox? 

481. For what is the red variegated prized? How does it appear 
when polished ? 

482. In what public buildings has this marble been used? 

483. What about the marbles at other places in the State? What 
-about the magnesian marble ? 

484. Describe the conglomerate and breccia marbles. In what coun- 
ties do they occur? When polished, how do they appear? How many 
•quarries of marble are worked in the State ? 

485. What is said of gneiss or stratified granite? What is syenyte? 
Unakyte ? 

486. What is said of sandstones ? Will any of them make whetstones ? 

487. What are flagstones, and where do they abound ? What of the 
iron limestones? 

488. What is Orange Sandstone, and where is it found? To what 
formation does it belong? 

489. Wliat is said of the Saccharoidal sandstone? 

490. What is meant by hydraulic cement? From what is it made? 
Of what do the impurities consist? In what counties do cement rocks 
abound? Where is the cement manufactured? From what is cement 
made in Knox county ? 

491. What is said of roofing slate? 

492. What of millstone grit? 

493. What of the masses of chert of the Knox Dolomyte formation ? 
What counties abound in these cherty masses? What is found below 
the Black Shale formation at certain points? What counties afford the 
largest quantities of this material? What other stone has been used for 
millstones? 

494. What is said of lithographic stone? 

495. What of clay for fire brick ? 

496. What of potter's clay, and where found? What of kaolin? 

497. What constituents of the Green Sand formation supply a natural 
lertilizer? What does an analysis of the Green Sand disclose? 

498. What is said of glass-making material ? 

CHAPTER XVn. 

What is this chapter about? 

499. What is the soil, and what is the subsoil ? 

500. Of what two parts does soil consist? What is the Organic ▼ 
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Inorganic? In what do the soluble and insoluble parts consist? What 
are the principal insoluble ingredients? 

501. From what are soils derived? Are the alluvial soils dependent 
upon the underlying rocks? Why not ? 

502. Tell how hard rocks are converted into soils? 

503. Into how many classes are the soils of the State divided ? Give 
the first, with the leading characteristics. The second. Third, etc. 

504. Where are the granitic soils, and what is said of them? 

505. How many varieties of sandstone soils are there ? Name them. 

506. What of the Chilhowee Sandstone soil? To what part of the 
State is it confined ? 

507. What is said of the Knox Sandstone soil, and where is it found? 

508. What of the Clinch Mountain Sandstone soil? What are it» 
characteristics ? 

509. What is mentioned as a singular fact in relation to the Clinch 
and some otlier mountains in East Tennessee? 

510. What is said of the Dyestone soil, and where does it occur? 

511. What area does the soil of Cumberland Table-land occupy? 
What are its distinguishing characteristics ? 

512. What are its defects? What is said about the swampy place» 
on the Cumberland Table-land ? 

513. What are the characteristics of the best soil of this division? 
In what does the agricultural value of the lands of the table-land con* 
sist? What crops may be grown ? 

514. What is said of the siliceous or flinty soil, and where does it 
prevail? How may you tell the good lands of the barrens? 

1(15. What are these siliceous soils good for? 

516. What is said of sandy soils, and where do they occur? • 

517. Is a sandy soil always poor? What gives it vitality? What 
other important consideration is mentioned ? 

518. Where is the calcareo-siliceous soil? Describe it. To what 
does this owe in part its good qualities ? What is said of the crops and 
timber of this soil ? 

519. What is said of the calcareous soils of the Sti^te? Where are 
they found, and what do they produce? What proportion of the State do 
they cover? 

520. What about the Green Sand soil, and to what does it owe its 
fertility ? Where is it found ? 

521. AVhat is said under the head of Shaly Soil? 

522. What is said of alluvial soil, and where is it found? How do 
the alluvial soils difier, and what is the cause of this difference? 
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523. What about the elevated terraces, and their valae as farming 
lands? 

524. Do the various soils overlap or run into one another ? 

525. Upon what does the productiveness of soils depend ? 

526. What is the effect of standing water upon field crops? What if 
« soil is too porous? What is the best condition of a soil for the purposes 
■of production? 
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Acadian, 123. 
Acalephs, 94. 
Aoephals, 97. 
Acrogens, 102. 
JEtna mines, 177. 
Agate, 45. 

Age of Ck)al Plants, 112. 
Age of Fishes, 112. 
Age of Invertebrates, 111. 
Age of Man, 114, 167. 
Age of Mammals, 113. 
Age of Beptiles, 113. 
Ages, 107, no. 
Alabama period. 
Alamo, 167. 
Albite, 54. 

Alleghanj range, 11. 
Alluvial soil, 219. 
Alluvium, 167, 170. 
Altamont, 157. 
Alum, 199. 
Alum shale, 65. 
Amethjst, 44. 
Amygdaloid, 70. 
Amphibole, 56. 
Angiosperms, 102, 103. 
Animal kingdom, 91. 
Anogens, 102. 
Anticlinal, 78. 
Apatite, 48. 



Appalachian Belt, 11. 
Appalachian coal-field, 171 
Apple, illustrating folds, 76. 
Archaean age, 110. 
Archaean rocks. 111. 
Area of State, 6. 
Argillaceous limestone, 63. 
Argillaceous sandstone, 62. 
Argillyte, 65. 
Artesian wells, 103. 
Articulates, 93, 98, 99. 
Asbestos, 56. 
Athens, 30. 
Augite, 56. 
Azurite, 193. 

Bald places, 163. 

Balds, the, 27. 

Barite, 140, 157, 198 

Barren Group, 150, 151, 153. 

Barrens, 151. 

Barton's Creek, 186. 

Basalt, 69. 

Battle Creek Mines, 177. 

Bay's Mountain, 30, 126, 143: 

Beaver Creek Valley, 137. 

Beaver Bidge, 126. 

Benton, 129. 

Bessemer steel, 181. 

Big Bald, 25. 
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Big Bone Cave, 52. 

Big Bidge, 129. 

Big Valley, 137. 

Birds, 93. 

Bitumen, 65, 149. 

Bituminous shale, 65. 

Black band, 185. 

Black copper, 192. 

Black-lead, 49. 

Black Oak ridge, 30. 

Black Shale, 75, 112, 118, 148, 200, 

201. 
Bloodstone, 46. 
Blountville, 129. 
Blue Ridge, 11. 
Blue vitriol, 193. 

Bluffs of the Mississippi Biver, 37. 
Bluff Loam, 167, 168. 
Bolivar, 167. 
Bompass cove, 196. 
Brachiopods, 98, 121, 140, 147. 
Breccia, 62. 
Bridgeport, 130. 
Brown coal, 178. 
Brownsville, 167. 
Bryozoans. 98. 
Buffalo mountain, 26. 
Buhrstone, 45. 
Bull Run ridge, 126. 

Cade's cove, 26. 
Calamine, 194. 
Calcareo-siliceous soil, 217. 
Calcareous soils, 217. 
Calcareous spar, 50. 
Calcareous tufa, 53. 
Calciferous, 125, 126. 
Calcite, 49, 140. 
Caney Fork, 74. 
Camden, 159, 164. 
Campbellviile, 132. 
Canadian Period, 123. 
Capitol, 135 
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Carbonate of lime, 51. 
Carbonic acid, 51. 
Carboniferous age, 112. 
Carboniferous formation, 118, 119 

150. 
Carter's Creek, 132. 
Carthage, 132. 
Cast iron, 188. 
Catalan forges, 189. 
Cedar glades, 132. 
Cement, hydraulic, 136, 206. 
Cenozoic formation, 158. 
Cenozoic time, 159. 
Central Basin, 14, 15, 18, 35, 117 

131, 141. 
Central mass of the earth, 105. 
Centreville, 145, 186. 
Cephalopods, 96. 
Cerussite, 195. 
Chalk, 63. 
Chalcanthite, 193. 
Chalcedony, 44. 
Chalcopyrite, 193. 
Champlain period, 115, 167. 
Charcoal, 187. 
Charleston. 129. 
Charlotte, 152. 

Chattanooga, 28, 86, 129, 137. 
Chazy, 130. 
Chert, 45. 

Cherty limestone, 63. 
Chestnut ridge, 30, 129. 
Chief's creek, 186. 
Chilhowee mountain, 26. 
Chilhowee range, 25, 124. 
Chilhowee Sandstone, 122, 124. 
Chilhowee Sandstone soil, 212. 
Chlorite, 58. 
Chloritic slate, 58, 123. 
Civil divisions, 15. 16. 
Cincinnati group, 134, 135. 
Clarksville, 152. 
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Glasses of rocks, GO, 71. 

Cleveland, 127. 

Clay, 55, 202, 208. 

Clay iron stone, 157, 185. 

Clay slate, 65. 

Cleavage 54, 55. 

Clifton, 137, 145, 187. 

Clifton Limestone, 142, 144. 

ainton, 137, 143. 

Climate, 17. 

Clinch mountain, 11, 30. 

Clinch mountain sandstone, 142. 

Clinch mountain sandstone soil, 213. 

Coal, 171. 

Coal, anthracite, 176. 

Coal area, 171. 

Coal, bituminous, 176. 

Coal, coking, 176. 

Coal, cannel, 176. 

Coal, constituents of, 177. 

Coal Creek Mines, 177. 

Coal Measures, 151, 154, 174. 

Coal mines, 177. 

Coal, non-coking, 176. 

Coal product, 177. 

Coal, parrot, 176. 

Coal, quality of, 176. 

Coal, quantity of, 175. 

Coal, splint, 176. 

Coal seams, 174. 

Coffee sand, 161. 

Coffee Landing, 161. 

Coca Creek, 196. 

Cold short iron, 190. 

Colorado river, 73, 86. 

Columbia, 132, 137. 

Concretionary, 44. 

Concretions, 44. 

Conglomerate, 62. 

Conifers, 102, 112, 113. 

Cookville, 152. 

Copper, 191. 

Copperas, 199. 



Copper district, 191. 

Copper, native, 193. 

Copper product, 193. 

Copper ore, 140, 192. 

Copper ridge, 30. 

Coral, 94, 133. 

Coral limestone, 150, 152. 

Coralline limestone, 133. 

Corniferous limestone, 150. 

Covington, 169. 

Cowan, 152. 

Cretaceous formation, 119, 160. 

Crinoids, 94, 95, 111, 133. 

Crinoidal limestone, 96, 133. 

Crossville, 157. 

Crump's Landing, 161. 

Crust of the earth, 76, 77, 103, 105 

Cryptogams, 101. 

Cumberland Gap, 151. 

Cumberland Table-land, 7, 11, 14, 

15, 18, 32, 74, 86, 113. 
Cumberland Table-land, iron-ore of, 

180, 185. 
Cumberland Table-land, soil of, 214. 
Cumberland river, 8, 35. 
Cumberland City, 148. 
Cuprite, 192. 

Cuts or gorges, 27, 74, 86, 123. 
Cycads, 102, 113. 

Dandridge, 129. 
Decapitated folds, 78. 
Decatur, 129, 137. 
Decaturville, 148, 159, 161. 
Denudation, 85, 88. 
DeviPs Nose, 143. 
Devonian formation, 118, 148. 
Devonian age, 112. 
Diamond, 48, 49. 
Dikes, 61, 69, 85. 
Dioryte, 69. 

Dimentions of the State, 6. 
Dip, 79. 
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Displacements, 81, 82. 

Dixon Springs, 137. 

Dogtooth spar, 51. 

Doleryte, 69. 

Dolomite, 53. 

Dolomyte, 64. 

Dover, 152. 

Drainage of the State, 7. 

Dresden, 167. 

Drift, 114, 167. 

Duck river, 35. 

Ducktown region, 124. 

Dyersburg, 169. 

r^estone belt, 180, 183. 

Dyestone group, 142, 143. 

Dyestbne ore, 64, 118, 143, 183. 

Dyestone ridges, 143, 151 , 

Dyestone soil, 214. 

Earth, Geological theory of, 103. 
Eastern iron belt, 180. 
Eastern portion, features of, 10. 
East Tennessee, 15, 16, 80. 
Echinoids, 94, 96. 
Economic Geology, 41, 171. 
Efiervesenoe, 52. 
Elk river, 35. 
Endogens, 102. 
Epsom Salts, 157, 200. 
English's Mountain, 26. 
Eocene, 164. 
Equiseta, 102, 112. 
J Erosion, 85. 
Exogens, 102. 
Extent of strata, 75. 

f'ault at Montvale, 154. 
Faults, 81, 82. 
Fayetteville, 137. 
Feldspar, 54. 
Ferns, 102, 112, 122. 
Ferruginous, 62. 
Fertilizers, 209. 



Fiery earth, the, 103. 

Fire rocks, 64. 

Fishes, 93, 111. 

Flagstones, 205. 

Flatwoods Sand, 164. 

Flint, 45. 

Flowering plants. 101, 102. 

Flowerless plants, 101, 102. 

Fluor spar, 47, 140. 

Flux, 189. 

Folded strata, 76, 80. 

Folds, decapitated, 78. 

Folds, section of, 77. 

Formation defined, 4, 72. 

Formations, classification of, 107. 

Formations, section of, 108, 109. 

Form of the State, 6. 

Fossiliferous limestone, 63. 

Fossils, 89, 90. 

Fossils, use of, 90. 

Franklin, 136, 137. 

Frog mountain, 25. 

Frost, 20. 

Fulton, 166. 

Funge, 101, 102. 

Furnaces, 188. 

Gainesboro, 137. 
Galena, 195. 
Gallatin, 137. 

Ganoids, 93, 99, 100, 101, 121. 
Garnet, 66. 
Gasteropods, 97. 
Geodes, 43. 
Geological map, 116. 
Geological survey, 1. 
Geological survey, plan of, 3. 
Geological survey, uses of, 2. 
Geological theory of the earth 103. 
Geology, a history, 40, 41, 106. 
Geology defined, 40. 
Geology, the study of, 1-5, 40, 8S, 
179. 
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Genesee shale, 148. 

Georgetown, 137. 

Glacial period, 115, 167. 

Glaciers, 114. 

Glade limestone, 132. 

Glades, 132, 145, 146. 

Glass, 46. 

Glanconite, 162. 

Gneiss, 67, 124, 205. 

Gold, 140, 196. 

Gorges, 27, 74, 86, 123. 

Gossan, ^92. 

Granite, 42, 66. 

Granitic soils, 212. 

Graphite, 49. 

Great Smoky, 25. 

Greeneville, 129. 

Green sand, 161, 162. 

Green sand soil, 218. 

Greenstone, 69. 

Green vitriol, 199. 

Grit, 62. 

Gull of Mexico, 60, 114, 159. 

Gymnosperms, 102. 

Gjpram, 47, 157, 200. 

Half-moon island, 184. 
Hardness, scale of, 47. 
Hard water, 52. 
Hartsville, 137. 
Helderberg, 142, 146. 
Hematite, 64, 180, 182. 
Hickory Valley, 137. 
Highland Rim, 14, 15, 18, 34, 74, 

113. 
Holston Mountain, 11, 26. 
Horizontal strata, 74, 88. 
Hornblende, 56. 
Hornblende gneiss, 68. 
Hornblende schist, 68, 124. 
Hornblende slate, 68, 124. 
Hornstone, 45. 
House Mountain, 143. 



Huntingdon, 165, 1Q7. 

Huntsville, 157. 

Hnronian, 122. 

Hydraulic limestone, 63, 136, 206^ 

Hydro-mica schist, 66. 

Hydrous, 66. 

Ice, 19, 20. 

loel nd spar, 51. 

Igneous rocks, 61. 

Inclined strata, 76, 80. 

Invertebrates, 92, 93, 115. 

Iron-ore bank, 186. 

Iron belts, 180. 

Iron limestone, 138. 

Iron manufactures 187. 

Iron Mountain, 25. 

Iron-ore, 64, 140, 180, 

Iron ore centres, 187. 

Iron products, 188. 

Jacksboro, 137. 

Jackson, 167. 

Jamestown, 157. 

Jasper, 

Jaspery quartz, 45. 

Jelly-fish, 94. 

Jet, 179. 

Jointed structure, 75. 

Joints, 75. 

Jonesboro, 129. 

Jura Mountains, 77, 160. 

Jurassic, 160. 

Koalin, 55, 208. 
Kingsport, 131. 
Kingston, 129, 190. 
Knobby belts, 138. 
Knox Dolomyte, 125, 127. 
Knox Group, 122, 125. 
Knox Sandstone, 125, 126. 
Knox sandstone ridges, 126. 
Knox sandstone soil, 213. 
Knox shale, 125, 126L 
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Knoxville, 28, 30, 85, 128, 132. 
Knoxville section, 139. 

Labradorite, 54. 

La Fayette, 152. 

La Grange sand, 164, 165. 

Land, first, 104. 

Lateral pressure, 76. 

Laurentian, 122. 

Lava, 70. 

Lawrenceburg, 152. 

Layer, 72. 

Lead, 195. 

Lead ore, 140, 148, 195. 

Lebanon, 132. 

Lebanon Group, 123, 131, 137. 

Lenoir's 130. 

Lenoir Limestone, 123, 130, 137. 

Lewisburg, 132. 

Lexington, 164. 

Liberty, 132. 

Lichens, 101, 102. 

Life, first, 104. 

Lignite, 161, 165, 178, 179. 

Limestones, 62, 202. 

Limonite, 180, 181. 

Linden, 147. 

Linden Limestone, 142, 146. 

Lithographic stone, 207. 

Lithostrotian conadense, 153. 

Livingston, 152. 

Lone mountain, 143. 

Lookout mountain, 11, 86 

Lookout valley, 86, 137. 

Loudon, 129. 

Lower coal measures, 112, 117, 122. 

Lycopods, 102, 112. 

Maclurea limestone, 131. 
Madisonville, 127. 
Magnesian limestone, 53, 64. 
Magnetite, 64, 182. 
Malachite, 192. 



Mammalian age, 113. 

Mammals, 93, 113, 115. 

Manchester, 152. 

Manganese, 198. 

Map, mineral 173. 

Map of formations, 116. 

Map of surface, 9. 

Marble, 58, 63, 131, 133, 136, 139^ 

203. 
Marl, 63. 
Maryville, 129. 
Mastodon, 115, 168, 169. 
McMinnville, 152. 
Meadow Creek mountain, 26. 
Medina, 142. 
Megalonyx, 169. 
Megatherion, 169. 
Memphis, 166, 167, 169. 
Mesozoic formation, 158. 
Mesozoic time, 159. 
Metamorphic rocks, 61, 123, 124. 
Mexico, Gulf of, 60, 114, 159. 
Mica, 55. 
Mica schist, 66. 
Middle Tennessee, 15, 16. 
Middleton, 164. 
Millstones, 128, 207. 
Mineral map, 173. 
Mineral-making rocks, 42. 
Mineral waters, 201. 
Miocene, 164. 
Missionary ridge, 129. 
Mississippi blufis, 167, 169. 
Mississippi bottoms, 14, 15, 18, 38^ 

170. 
Mississippi river, 8, 39. 
Mollusks, 93, 96, 97, 111, 134, 140. 
Montgomery, 157. 
Mont vale Springs, 149, 154. 
Morristown, 129. 
Mossy creek, 129, 195. 
Mountain limestone, 150, 153. 
Mount Pleasant, 137. 
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Murfreesboro, 132. 

Nailhead spar, 50. 
Nashville, 35, 135. 
Nashville group, 123, 134. 
Nashville section, 135. 
Natural divisions, 13. 
Natural features, 23. 
Nautilus, 96. 
Newberg, 152. 
Newman's ridge, 30, 154. 
New Market, 129. 
Newpoirt, 129, 138. 
Niagara period, 142. 
Niagara sub-division, 144. 
Nitre, 200. 
Nitro-calcite, 157. 

Obsidian, 70. 

Ocoee group, 122, 123. 

Ocoee river, 123. 

Old Shore line, 159. 

Onyx, 45. 

Opal, 45. 

Orange Sand, 115, 161, 166, 167. 

Orange Sandstone, 206. 

Ores, 42. 

Origin of rocks, 59. 

Orthoceras, 96, 133. 

Orthis bed, 135, 136. 

Orthoclase, 54. 

Oriskany, 142. 

Ostracoids, 99. 

Oolitic limestone, 63, 126. 

Outcrop^ 73, 79. 

Paleontology, 91. 

Paleozoic formations, 121. 

Palisades, 69, 169. 

Parallelism of valleys, etc., 12, 88. 

Paris, 165, 167. 

Pentremites, 154. 

Permian Period, 158. 

Petroleum, 148, 158, 199. 



Phenogams, 101. 

Pig iron, 188. 

Pikeville, 130. 

Pine ridge, 126. 

Pittsburg landing, 161. 

Plant Kingdom, 101. 

Plateau -slope of AVest TenneM«e| 

14, 15, 18, 36. 
Pliocene, 164. 
Polyps, 94. 
Porphyry, 70. 
Potsdam, 124. 
PowelPs mountain, 30, 14S. 
PowelPs valley, 137. 
Primordial period, 123. 
Prochlorite, 58. 
Protogine, 68. 
Protozoans, 93, 94. 
Pteropods, 97. 
Puddling, 189. 
Pulaski, 137, 145. 
Purdy, 164. 

Pyrite, 140, 148, 149, 177, 193, 197. 
Pyroxene, 56. 

Quartemary age, 114, 160, 167. 

Quartz, 42, 140, 157. 

Quartz rock, 46. 

Quartzyte, 62. 

Quebec group, 125, 126, 127. 

Kaccoon valley, 137. 
Kadiates, 93, 94, 95, 111, 13? 
Rain, 20. 

Raleigh, 166, 169, 179. 
Randolph, 166. 
Recent period, 115, 167. 
Red knobs or hills, 30, 138, 
Red short iron, 190. 
Remains, organic, 89. 
Reptiles, 93, 113. 
Reptilian age, 113. 
Rhizopods, 94, 
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Bldge-making rocks, 87. 

Eipley, 169. 

Bipley group, 161, 163. 

River system, 8. 

Koan mountain, 25. 

Kock crystals, 43. 

Bocks, clanses of, 60, 71. 

Rocks of West Tennessee, 60. 

Rocks, origin of, 59. 

Rockwood, 187. 

Rogersville, 127, 129. 

Roofing slate, 206. 

Rotten limestone, 113, 119, 161, 162. 

Rubies, 48. 

Russellville, 129. 

8accharoidal sandstone, 206. 

Sahlite, 56. 

Sale creek mines, 177. 

Saliria, 142. 

Salt, 200. 

Sand, 46. 

Sand for glass-making, 209. 

Sandstone, 47, 62, 205. 

Sandy soils, 216. 

Sapphire, 48. 

Sard, 45. 

Savannah, 145. 

Savannah valley, 137. 

Schist, 66. 

Scolithus, 125. 

Scott's hill, 161. 

Sea urchins, 94, 96. 

Section at Sewanee, 155. 

Section of rocks, 73. 

Section of formations, 108, 109. 

Sections, natural, see gorges. 

Sedimentary rocks, 61. 

Selachians, 93, 99. 

Selenite, 201. 

Sequatchee valley, 31, 77, 86, 130, 

132. 
Serpentine marble, 58. 



Sevierville, 138. 

Sewanee mines, 177. 

Sewanee railroad, 153. 

Sewanee section, 155. 

Shaly soil, 218. 

Sharks, 93. 99, 100, 122, 163. 

Shelbyville, 132. 

Shoal creek, 187. 

Silica, 45. 

Silicate, 46. 

Siliceous group, 153. 

Siliceous limestone, 63. 

Siliceous soil, 215. 

Silurian age. 111. 

Silurian, lower, 117, 122. 

Silurian, upper, 118, 141. 

Sinkholes, 152. 

Somerville, 166, 167. 

Slag, 189. 

Slate, 65. 

Slaty cleavage, Q6. 

Smelting ore, 188. 

Smithsonite, 194. 

Sraithville, 152. 

Sneedville, 154. 

Snow, 21. 

Soddy mines, 177. 

Soils, 210. 

Soils, composition of, 210. 

Soils, formation of, 211. 

Soils, kinds of, 211. 

Sphalerite, 194. 

Sparta, 152. 

Spiegeleisen, 181. 

Spencer, 157. 

Sponges, 93, 94. 

Springfield, 152. 

Stalactites, 49. 52. 

Stalagmites, 52. 

Star-fishes, 94. 

Star's mountain, 26. 

State capitol, 135, 202. 

Steatite, 57, 66. 
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Steel, 190. 

Stoney creek, 182. 

St. Louis limeatone, 150, 152. 

Strata, extent of, 75. 

Strata, folded, 76. 

Strata, inclined, 76. 

Strata, original position of, 76. 

Strata, unconformable, 89. 

Stratified rocks, 72. 

Stratum defined, 4, 72. 

Strawberry Plains, 131, 138. 

Strike 79. 

Study of strata, 83. 

Subsoil, 210. 

Sulphur, 157. 

Survey of the State, 1. 

Survey, plan of, 3. 

Survey, uses of, 2. 

Swiss Jura mountains, 77. 

Syenyte, 56, 67. 

Synclinal, 78. 

Talc, 57. 

Talcose slate, 58, 123. 

Taylor's ridge, 30. 

Tazewell, 129, 137. 

Temperature, 17. 

Temperature compared, 18. 

Tennessee ridge, 37. 

Tennessee river, 8. 

Tennessee valley, 137. 

Tennessee, geological map of, 116. 

Tennessee, mineral map of, 173. 

Tennessee, surface map of, 9. 

Tenorite, 192. 

Tertiary formation, 160, 164. 

Thallogens, 101. 

Topaz, 48. 

Tourmaline, 57. 

Trachyte, 70. 

Tracy City, 155, 157. 

Trap, 68, 69. 

Travertine, 53. 



Trenton, 167. 

Trenton group, 131. 

Trenton period, 123. 

Triassic, 160. 

Trilobites, 98, 111, 121, 127. 

Troy, 169. 

Tuckaleechee cove, 26. 

Tullahoma, 162. 

Tunnel of N. & C. R.R., 153. 

Unaka Range, 13, 15, 18, 24, 26, 123. 

Unakyte, 67. 

Unconformable strata, 89. 

Union City, 169. 

Unstratified rocks, 84. 

Upper coal measures, 156, 157, 172; 

174. 
Upper Silurian, 112, 118, 141, 148, 
Uuseful rocks, 202. 
Use of fossils, 90. 
Use of geological study, 1, 2, 83, 

171. 

Valley-making rocks, 87. 

Valley of East Tennessee, 12, 14^ 

28, 117, 125, 141. 
Valleys, great and minor, 12, 
Vein-form rocks, 84. 
Veins, 61, 84. 
Verd antique marble, 58. 
Vernon, 152. 
Vertebrates, 92, 93, 99. 
Views from the "balds," 27. 
Volcanic rocks, 70. 
Vulcan mines, 177. 

Walden's ridge, 32, 86. 

Wallin's ridge, 129. ^ 

Wartburg, 157. 

Washington, 129, 137. 

Waverly, 152. 

Waynesboro, 152. 

Wear's cove, 26. -t 
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Webb's ridge, 126. 

WeU's Creek Basin, 125, 130, 148. 

Westerly inclination, 7. 

Western valley, 14, 15, 18, 36, 141, 

145. 
Western iron-belt, 180, 185. 
West Tennessee, 15, 16, 119, 120, 

160. 
"White Oak mountain, 30, 143, 184. 



White Sulphur Springs, 148. 
Winds, 22. 
Winchester, 152. 
Woodbury, 132. 
Wrought iron, 189. 

Zinc, 194. 

Zinc ore, 140, 194. 

Zinc deposits, 194. 
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